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ORDER IV. 

METALS PBOFEB HAVTN(J PROTOXIDES ISOMORPHOUS 

WITH MAGNESIA. 

SECTION I. 

MANGANESE. 

Eq. 27-67 or S4;6'9; Mn. 

This element is found in the ashes of plants^ in the bones of 
animals^ and in many minerals^ of which that employed in 
the preparation of oxygen is one of the richest. The black 
oxide of manganese was long known as magnesia nigra, from 
a fancied relation to magnesia alba; but was first thoroughly 
studied by Scheele^ in 1774, and immediately afterwards by 
Gahn, who obtained from it the metal now called manganese. 
Prom its strong affinity for oxygen, and the very high 
temperature which it reqtdres for fusion, manganese is one of 
the most difficult of all the metals proper, to reduce and frise 
into a button. Hydrogen and charcoal, at a red heat, reduce 
the superior oxides of this metal to the state of protoxide, 
without eliminating the pure metal at that temperature ; but 

VOL. II. B 



2 MANGANESE. 

at a white heat^ charcoal deprives the metal of the whole of its 
oxygen. The following process is recommended by M. John 
for the redaction of manganese : it illustrates the chief points 
to be attended to in the redaction of the less tractable metals. 
Instead of a native oxide^ an artificial oxide of manganese, 
obtained by calcining the carbonate in a well-closed vessel, is 
operated upon. This oxide, which is preferred firom being in 
a high state of division, is mixed with oil and ignited in a 
covered cracible, so as to convert the oil into charcoal. After 
several repetitions of this treatment, the carbonaceous mass is 
reduced to powder, and made into a firm paste by kneading it 
with a little oil. Finally, this paste is introduced into a cra- 
cible lined with charcoal (creuset brasquS), the unoccupied 
portion of which is filled up with charcoal powder. The 
crucible is first heated merely to redness for half an hour, to 
dry the mass and decompose the oil ; after which its cover is 
carefully luted down, and it is exposed for an hour and a half 
to the most violent heat of a wind-furnace that the crucible 
itself can support without undergoing fusion. The metal is 
obtained in the form of a semi-globular mass or button in the 
lower part of the crucible, but not quite pure, as it contains 
traces of carbon and silicon derived from the ashes of the 
charcoal. By igniting the metal a second time in a charcoal 
crucible, with a portion of borax, John obtained it more fusible 
and brilliant, and so free from charcoal that it left no black 
powder when dissolved in an acid. 

Manganese is a greyish white metal, having the appearance 
of hard cast iron. Its density, according to John, is 8-013 ; 
while M. Berthier finds it to be 7*05, and Bergmann made it 
6*850 : according to Hjelm, it is 70. Prom its close resem- 
blance to iron, manganese may be expected to be susceptible 
of magnetism ; but its magnetic powers are doubtful. P^et 
has endeavoured to show that manganese can assume and 
preserve magnetic polarity from the temperature — 4** up to 
70^, but loses it again at higher temperatures. The small 



OXIDES OF MANGANESE. 8 

di£ferenoe between the atomic weights of iron^ mangaBese, 
cobalt^ and nickel^ which are respectively 28^ 27*67^ 29*52^ and 
29*57, is remarkable, attended as it is hj a great analogy 
between these metals in many other respects. 

Manganese oxidates readily in air, soon falling down as 
a black powder ; in water it occasions a disengagement of 
hydn^n gas. It is best preserved in naphtha, like potassium, 
or over mercury. Manganese exhibits five d^rees of oxidation, 
with two intermediate or compound oxides. 

OXIDES 07 MANGANESE. 

Protoxide or manganous oxide . MnO. 
Sesquioxide or manganic oxide . MxLfl^. 
Bioxide or Peroxide • • . MnO^^ 
Manganoso-manganic oxide or 

red oxide • . . . Mn304, or MnO + Mn^Oj. 

Varvicite Mn407,orMn20s+2MnOa. 

Manganic acid • • • . MnO,. 
Permanganic acid • • . Mn^O^. 

Protoxide of manganese; Manganous oxide ; MnO, 35*67 
or 446*9. — ^This is the oxide existing in the ordinary salts of 
manganese, which are isomorphous with the salts of magnesia. 
It may be obtained by fusing at a red heat in a platinum 
crucible, a mixture of equal parts of pure chloride of man- 
ganese and carbonate of soda, with a small quantity of sal- 
ammoniac. By the reaction between the first-mentioned salts, 
chloride of sodium is produced, together with the carbonate 
of manganese, which is decomposed at a red heat, leaving 
the protoxide of that metal. The hydrogen of the sal-ammo- 
niac at the same time reduces to the state of protoxide any 
bioxide which may be formed by absorption of oxygen firom 
the air. Any one of the superior oxides of manganese, in the 

state of fine powder, may be converted into protoxide by 
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4 MANGAN18E. 

passing hydrogen gas over it^ in aporcelain tube at a red heat : 
the bioxide obtained hj igniting the nitrate of the protoxide 
of manganese was recommended hj Dr. Tomer as the most 
easily deoxidated. 

Protoxide of manganese is a powder of a greyish green 
colour, more or less deep. When obtained by means of 
hydrogen at a low temperature, it absorbs oxygen from the 
air, soon becoming brown throughout its whole mass, and is, 
indeed, sometimes a pyrophorus; but when prepared by 
hydrogen at a high temperature, it acquires more cohesion, 
and is permanent. 

Protoxide of manganese dissolves readily in acids, and is a 
strong base. Its salts are of a pale rose tint, which is not 
destroyed by sulphurous or hydrosulphuric acid, and must be 
considered as a pecuUar character of manganous salts. When 
the solution is colourless, as it sometimes is, the fact is ex- 
plained, according to M. Gorgeu, by the presence of a salt 
of iron, nickel, or copper ; the green or blue tint of the latter 
metals producing white or a scarcely perceptible violet shade 
when combined with the rose tint of a salt of manganese. 
Caustic alkalies added to solutions of manganous salts throw 
down the protoxide of manganese in the form of a white 
hydrate, which soon absorbs oxygen from the air and becomes 
brown ; when collected on a filter and washed, it ultimately 
changes into a blackish brown powder, which is the hydrate 
of the sesquioxide. A similar change is instantaneously 
produced by the action of chlorine-water upon the white 
hydrate, or by the addition of chloride of lime to a salt of the 
protoxide of manganese : but then the hydrated bioxide is 
formed. Protoxide of manganese resembles magnesia and 
protoxide of iron, in being but partially precipitated by 
anmionia. The alkaline monocarbonates precipitate white 
carbonate of manganese, which does not turn brown in the air, 
and dissolves sparingly in a cold solution of sal-anmioniac. 
Bicarbonate of potash precipitates a strong solution imme- 
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diately^ and renders a dilute solution slightly turbid ; but if 
the solution contains a free add^ so that an excess of carbonic 
acid is set free, no precipitate is formed. The earthy carbon- 
ates do not precipitate manganous salts. Hydrosulpkuric 
acid forms no precipitate in neutral solutions of manganous 
salts containing any of the stronger acids. In a neutral solution 
of the acetate, a flesh-coloured precipitate is formed after some 
time ; but not if the solution contains free acetic acid. Sul- 
phide of ammonium forms in neutral solutions of manganous 
salts a flesh-coloured precipitate of hydrated sulphide of man- 
ganese, insoluble in excess of sulphide of ammonium, but 
readily soluble in adds. When exposed to the air, it turns 
brown on the surface, from oxidation. The least trace of iron 
or cobalt colours it black. Ferrocyanide of potassium forms 
in neutral solutions of manganous salts a white precipitate, 
having a tinge of red, and soluble in free adds. Ferricyanide 
of potassium forms a reddish precipitate, which is insoluble in 
adds. Manganous salts, and indeed all compounds of man- 
ganese, heated with borate or phosphorus^alt in the outer 
blowpipe flame, form an amethyst-coloured bead containing 
manganoso-manganic oxide, which becomes « colourless in the 
inner flame by reduction of that oxide to the protoxide. This 
character distinguishes manganese fit>m all other metals. The 
minutest trace of manganese is discovered by heating the 
solution with a little bioxide of lead and nitric acid, when a 
red tint appears due to the formation of permanganic add 
(W. Crom). An equally delicate reaction is obtained in the 
dry way by heating the substance supposed to contain man- 
ganese with carbonate of soda on platinum foil in the outer 
blowpipe flame. The smallest trace of manganese is indicated 
by the formation of green manganate of soda. The delicacy 
of the reaction may be increased by adding a little nitre to the 
carbonate of soda. 

Protosulpkide of manganese may be procured in the diy 
way, by heating a mixture of bioxide of manganese and 

B 3 



6 MANGANESE, 

sulphur. Sulphurous acid is disengaged, and a green powder 
remains, which dissolves in acids with disengagement of 
hydrosulphuric acid. The same compound is obtained in the 
humid way, when acetate of manganese is decomposed by 
hydrosulphuric acid, or any manganous salt precipitated by an 
alkaline sulphide. Frotosulphate of manganese, decomposed 
by hydrogen at a red heat, yields an oxisulphide. A crystal- 
line sulphide is obtained by passing the vapour of bisulphide 
of carbon over hydrated manganic oxide ignited in a porcelain 
tube : the crystals are iron-black rhombic prisms, having a 
tinge of green, and yielding a dingy green powder (Yolker). 

Phosphide of manganese is obtained by exposing an intimate 
mixture of 10 parts of pure ignited bioxideof manganese, 10 
parts of white-burnt bones, 6 parts of white quart2<*sand, and 
8 parts of ignited lamp-black for an hour in a closed Hessian 
crucible to a heat sufficient to melt cast-iron, — or by strongly 
igniting 10 parts of ignited phosphate of manganese, 8 parts 
of ignited lamp-black, and 2 parts of calcined borax in a cru- 
cible lined with charcoal. The product is a very brittle, crys- 
talline regulus of the colour of grey cast-iron, and of specific 
gravity 5*951. It is permanent in the air, glows when heated 
in contact with air, and bums with an intense light when 
heated with nitre. It appears to contain Mn^V, and is pro- 
bably a mixture of MugP and Mn^P, the latter of which 
compounds is left behind when the substance is treated with 
hydrochloric acid, while the former dissolves, with evolution 
of nou'Spontaneously inflammable phosphuretted hydrogen 
(Wohler). 

ProtocUoride of manganese: MnCl+4H0; 63'17+86or 
789-63 + 450.— This salt crystallises in thick tables, which are 
oblong and quadrilateral, and of a rose colour ; it is very 
soluble in water, and slightly deliquescent. The residuary 
liquid obtained in preparing chlorine by dissolving bioxide 
of manganese in hydrochloric acid, consists of chloride of man- 
ganese contaminated with a portion of sesquichloride of iron. 
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To remoye the latter and obtain a pnre chloride of manganese, 
the solution should be boiled down considerably to ci^pel the 
excess of acid^ diluted afterwards with water, and boiled 
again with carbonate of manganese, which salt precipitates the 
whole of the sesquioxide of iron, forming chloride of manganese 
with its acid (Everitt). If about one fourth of the impure 
solution of chloride of manganese be reserved, and precipitated 
by carbonate of soda, a quantity of carbonate of manganese 
will be obtained sufficient to precipitate the iron firom the 
other three-fourths of the liquid, and applicable to that 
purpose after it has been washed. The iron may likewise be 
separated by eyaporating the solution of the impure chloride 
to dryness, heating the residue to low redness in a crucible, as 
long as hydrochloric acid continues to escape ; then leaving it 
to oool, exhausting with boiling water, and filtering. The 
hydrated chloride of iron is resolved by the heat into hydro- 
chloric acid and sesquioxide, while the chloride of manganese 
remains imaltered, and is easily dissolved out by water, all the 
iron remaining behind. Chloride of manganese, when firee 
from iron, is precipitated white, without any shade of blue, by 
ferrocyanide of potassium. The crystals retain one of their 
four equivalents of water at 212*' (Brandes), but may be ren- 
dered anhydrous at a higher temperature. Brandes finds 100 
parts of water to dissolve at 50^ 38*3 ; at 88^, 46*2 ; at 144*5^ 
55 parts of the anhydrous salt. A higher temperature, instead 
of increasing the solubility of this salt, diminishes it. From 
the aqueous solution, chlorine, with the aid of heat, throws 
down the black hydrated bioxide of manganese. Hypo- 
chlorous acid produces a similar result, with evolution of free 
chlorine. Absolute alcohol dissolves half its weight of the 
anhydrous chloride of manganese, and affords, by evaporation 
in vacuo, a crystalline alcoate, containing two equivalents of 
alcohol. 

Chloride of manganese forms two crystalline double salts 
with chloride of ammonium. One of these, MnCl. NH4CI, 

B 4. 



8 MANGANESE. 

forma cubical crystals^ containing 1 eqniv. water^ according to 
Rammelsbeig, and 2 eq. according to Hauer. These crystals 
when ignited leave manganoso-manganic oxide in microscopic 
pyramids resembling Hansmanite. The other salt^ 2MnCL 
NH'^CI + 4H0^ forms crystals belonging to the obliqueprismatic 
system (Hautz) . Solution of chloride of manganese containing 
chloride of ammonium^ yields^ on addition of ammonia and 
exposure to the air^ a precipitate of hydrated manganoso- 
manganic oxide (Otto). 

Protocyanide of manganese is obtained in the form of a yellow- 
ish or reddish-white precipitate^ on adding cyanide of potassium 
to the solution of a manganous salt. It quickly turns brown 
on exposure to the air. It is decomposed by the stronger 
acids^ and dissolves in alkaline cyanides. 

The corresponding fluoride of manganese forms, with fluoride 
of silicon, a double salt which is very soluble in water and 
crystallises in long regular prisms of six sides. The formula 
of this double salt is, according to Berzelius, 2SiF3+8MnF+ 
21H0. 

Carbonate of manganese is a white insoluble powder, which 
acquires a brown tint when exposed in the dry state at I^O^. 
It is decomposed by a red heat. Carbonate of manganese 
occurs in the mineral kingdom, in the form of manffanese-spar, 
but never in a state of purity, being mixed with the carbonates 
of lime and iron, which have the same crystalline form, viz. the 
rhombohedral. Its presence in spathic carbonate of iron is 
said to be the cause why the latter yields an iron peculiarly 
adapted for the manufacture of steel. 

Protostdphate of manganese ; Manganous sulphate ; MnO, 
SO3 + 7HO. — ^A solution of this salt, used in dyeing and en- 
tirely free from iron, is prepared by igniting bioxide of man- 
ganese mixed with about one-tenth of its weight of pounded 
coal in a gas retort. The protoxide thus formed is dissolved in 
sulphuric add, with the addition of a little hydrochloric acid 
towards the end of the process ; the sulphate is evaporated to 
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dryness^ and again heated to redness in the gas retort. The iron 
is found after ignition in the state of sesquioxide and insoluble^ 
the persulphate of iron being decomposed^ while the sulphate 
ot manganese is not injured by the temperature of ignition, 
and remains soluble. The salt may also be obtained by heating 
bioxide of manganese, previously freed from the carbonates 
of lime and magnesia by boiling with dilute sulphuric acid, 
with an equal weight of strong oil of vitriol, and gently ignit* 
ing the resulting mass for an hour, to decompose the sulphates 
of iron and copper formed at the same time. The manganous 
sulphate, which remains unaltered, is then dissolved in water, 
and the solution evaporated to the crystallising point. The 
solution is of an amethystine colour, and does not crystallise 
readily. When cloth is passed through sulphate of manganese 
and afterwards through a caustic alkali, protoxide of manganese 
is precipitated upon it, and rapidly becomes brown in the air ; 
or it is peroxidised at pnce by passing the cloth through a 
solution of chloride of lime. The colour thus produced is 
called manganese-brown. 

Crystallised under 42^, the sulphate of manganese gives 
crystals containing 7H0, which have the same form as sul- 
phate of iron. The crystals which form between 45** and 68°, 
contain 5HO, and are isomorphous with sulphate of copper. 
By a higher temperature, from 68° to 86°, a third set of crystals 
is obtained, which contain 4H0 : their form is a right rhombic 
prism. The sulphate of iron and other sulphates also assume 
the same form (Mitscherlich) . This salt loses 3H0 at 243°, 
but retains 1 eq. even at 400°, like the other magnesian sul- 
phates. M. Kuhn finds, that when a strong solution of the 
sulphate of manganese is mixed with sulphuric acid and evapo- 
rated by heat, a granular salt is precipitated, which contains 
only one equivalent of water. This sulphate also forms 
with sulphate of potash a double salt containing 6H0. The 
anhydrous salt is soluble, according to Brandos, in 2 parts of 
water at 59^ in 1 part at 122° ; but above the latter tempera- 
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ture^ the salt becomes less soluble. The tetra-hydrated salt 
dissolves in 0-883 part of water at 43-3'* ; in 079 part at 50** ; 
in 0-82 part at 658** ; in 067 part at 995** ; and in 1079 part 
at 2*1**. Manganons sulphate is insoluble in absolute alcohol, 
but dissolves in 500 parts of spirit of the strength of 55 
per cent. 

HypostUphate of manganese ; MnO . S^Og + 6H0. For the 
preparation^ see I. 335. — ^The bioxide of manganese used in 
preparing it should be previously treated with nitric acid, to 
dissolve out the hydrated oxide, and be well washed. The salt 
forms rose-coloured, generally indistinct, crystals, belonging 
to the doubly oblique prismatic system (Marignac). The 
oxalate of manganese is a highly insoluble salt. The acetate 
is soluble in 3^ parts of cold water, and also in alcohol. Bitar- 
trate of potash dissolves protoxide of manganese, and forms a 
very soluble double salt, the tartrate of potash and manganese, 
which can be obtained, although with difficulty, in r^ular 
crystals. 

Sesquioxide of manganese; Manganic oxide; Mn,0|; 79'34 
or 991*8. — This oxide is left of a dark brown, almost black 
colour, when the nitrate of the protoxide is gently ignited. 
It also occurs crystallised in the mineral kingdom, although 
rarely ; its density is 4*818, and it is named braunite aa a 
mineral species. The hydrate of manganic oxide is formed 
by the oxidation in air of manganous hydrate. Manganic 
hydrate also firequently occurs in nature of a black colour, both 
crystallised and amorphous, and is often mixed with the bi- 
oxide of manganese. It constitutes the mineral species man» 
ganite, of which the density is 4*3 to 4*4, and the formula 
Mn^Ojj^ HO. This hydrate may be artificially prepared by 
heating finely divided bioxide of manganese with monohy- 
drated sulphuric acid, decomposing the resulting manganic 
sulphate with water, and washing it thoroughly (Carius). This 
oxide colours glass of a red or violet tint. The common violet 
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07 purple Btained glass contams manganic oxide; also the 
amethyst. 

Manganic oxide is a base isomorphous with alumina and 
sesquioxide of iron. It dissolves in cold hydrochloric acid 
without decomposition. Concentrated sulphuric add combines 
with it at a temperature a little above 21 2^ but does not form 
a solution. Dilute sulphuric acid does not dissolve it, either 
in the cold or when gently heated, unless manganous oxide is 
present, even in very small quantities, in which case a violet 
solution is formed; hence the commonly received statement that 
manganic oxide forms a red solution with sulphuric acid 
(Carius). At somewhat elevated temperatures, acids reduce 
the sesquioxide of manganese to protoxide, with evolution of 
oxygen. 

Manganic su^hate ; Mn^Oi . 8 SO,. — Prepared by mixing 
finely divided bioxide of manganese (obtained by passing 
chlorine gas through a solution of carbonate of soda in which 
carbonate of manganese is suspended) with monohydrated 
sulphuric add to the consistence of a pulp, and gradually 
heating the mixture in an oil-bath to about 276^, at which 
point the mass becomes dark green and more mobile. It is 
then drained on a plate of pumice-stone to remove the greater 
part of the sulphuric add ; afterwards stirred up in a warm 
basin with the strongest nitric acid (firee from nitrous add) ; 
again drained on pumice-stone ; and this treatment repeated 
several times : lastly, it is dried in the oil-bath at 266°, and 
preserved in carefdUy dried tubes. — Manganic sulphate thus 
obtained is a dark green powder which exhibits no traces of 
crystallisation. It may be heated to 320° without decompo- 
sition, but at higher temperatures gives off oxygen and is 
reduced to manganous sulphate. At ordinary temperatures 
it is all but insoluble in concentrated sulphuric and nitric 
add ; with the former it may be heated nearly to the boil- 
ing point without alteration, but, when boiled with the acid, 
it dissolves as manganous sulphate, with evolution of oxygen. 
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Heated witt concentrated nitric acid to 212^ it turns brown, 
but resumes its green colour when the acid is evaporated at the 
lowest possible temperature. In strong hydrochloric acid, it 
dissolves, like the pure sesquioxide, forming a brown solution, 
which when heated gives off chlorine tiU all the sesquioxide of 
manganese is reduced to protoxide. Organic substances, heated 
with the dry salt, decompose it with considerable violence. 
The salt absorbs moisture very rapidly, so that it must always 
be kept in sealed tubes. Small quantities of it deliquesce in 
a few seconds, forming a violet solution, which, however, soon 
becomes brown and turbid from separation of the hydrated 
oxide. Water decomposes the salt rapidly, especially when 
heated, separating the pure hydrated sesquioxide. Hence 
the mode of preparing the hydrate above mentioned. Sul- 
phuric acid, somewhat diluted, decomposes manganic sulphate, 
converting it into a red-brown powder, which appears to be a 
basic salt.* Manganic sulphate forms an alum with sulphate 
of potash (Mitscherlich) : this salt occurs native in needle- 
shaped crystals at Alum Point, on the G-reat Salt Lake in 
North America (L. D. G-ale). 

Sesquichloride of manganese (Mn^Cl^) is formed when the 
sesquioxide is dissolved in hydrochloric acid at a low tempera- 
ture. The solution is yellowish brown or black, according to 
its degree of concentration, and is decomposed by a slight 
elevation of temperature, with evolution of chlorine. A cor- 
responding sesquifbioride may be crystallised. 

Sesqtucyanide of manganese. — ^A compound of this cyanide 
is formed, when manganous acetate is mixed with hydrocyanic 
acid in excess, then neutralised with potash and evaporated. 
The manganous cyanide then absorbs oxygen, and is converted 
into hydrated manganic oxide and manganic cyanide, which last 
combines with cyanide of potassium, and appears, on the cooling 
of a concentrated solution, in red crystals, which dissolve easily 

♦ Carius, Jan. Ch, FAarm, xcYiii., 63. 
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in water (Mitacherlich). This salt is analogous to red pms- 
siate of potash^ containing manganese instead of iron^ and may^ 
therefore, be represented as containing manganicyanogen — a 
mangamcyanide of potassium, K,(Mn,Cy(,). As a double 
cyanide, its formula would be, SKCy.MnjCy,. 

Red oxide of manganese, MnO.Mn,,0^ named by Berzelius 
manganoso-manganic oxide, is always produced when any oxide 
of manganese is heated strongly in air. It is a double 
oxide, being a compound of single equivalents of protoxide and 
bioxide of manganese. It forms the mineral Hausmanite, 
whicb differs from manganite in having manganous oxide in 
place of water. Its density is 4*722. Berthier finds that 
strong nitric acid dissolves out the protoxide of manganese 
from the red oxide, and leaves a remarkable hydrate of the 
bioxide, of which the formula is 4MnOj| + HO. 

Bioaide or Peroxide of manganese; Black oxide ofmanga^ 
nese; MnO,; 48*67 or 545*9. — ^This is the well-known ore of 
manganese employed in the preparation of oxygen and chlorine. 
It generally occurs massive, of an earthy appearance, and con- 
taminated with various substances, such as sesquioxide of iron, 
silica, and carbonate of lime ; but sometimes of a fibrous tex- 
ture, consisting of small prisms radiating from a common 
centre. Its density varies from 4*819 to 4'94 ; as a mineral 
species it has been named pyrolusite.* Another important 
variety of this ore, known as wad, is essentially a hydrate, 
containing, according to Dr. Turner, 1 eq. of water to 2 eq. of 
peroxide. Ahydrated bioxide, consisting of single equivalents 
of its constituents, is formed by precipitating the protosalts of 
manganese with chloride of lime ; and the same compound 
results from the decomposition of the acids of manganese, when 
diluted with water or an acid. It is possible that the equiva- 
lent of this oxide should be doubled, and that its proper 



* From wp, fire, and Avw, I wash ; in allasion to its being employed to 
diaoharge tbe brown and green tinta of glass. 
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formula is Mn204^ corresponding with peroxide of chlorine^ 
CIO4. 

Biozide of manganese loses one-fourth of its oxygen at a 
low red heat^ and is changed into sesquioxide ; at a bright red 
heat it loses more oxygen^ and becomes red oxide^ the condition 
intowhichallthe oxides of manganese pass when ignitedstibngly 
in the open air. The bioxide does not unite either with 
acids or with alkalies. When boiled with sulphuric acid^ it yields 
oxygen gas and a sulphate of the protoxide. In hydrochloric 
acid it dissolves with gentle digestion^ evolving chlorine gas^ 
and forming protochloride of manganese (page 6) . It is exten- 
sively used in the arts for preparing chlorine, and also to 
preserve glass colourless by its oxidating action. In the last 
application^ it is added to the vitreous materials in a relatively 
small proportion^ and becomes protoxide^ which is not a colour- 
ing oxide, while as sesquioxide it would stain glass purple. 
At the same time it destroys carbonaceous matter, and converts 
protoxide of iron, which colours glass green, into sesquioxide^ 
which is less injurious. 

The mineral varvicite was discovered by Mr. R. Phillips 
among some ores of manganese from Hartshill in Warwick- 
shire. It is distinguished from the bioxide by being much 
harder, having more of a lamellated structure, and by yielding 
water freely when heated to redness. Its density is 4*531. 
It may be supposed to consist of 1 eq. of sesquioxide, and 2 
eq. of bioxide with 1 eq. of water (Dr. Turner) ; its formula 
is, therefore, MnjO, . Mnj04 + H0. 

VALUATION OF BIOXIDE OF MANGANESE. 

The numerous applications of the higher oxides of manganese 
depending upon the oxygen which they can furnish, render 
it important to have the means of easily and expeditiously 
estimating their value for such purposes. The value of 
these oxides is exactly proportional to the quantity of chlorine 
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which they prodace when diasolved in hydrochloric acid, and 
the chlorine can be estimated by the quantity of protosulphate 
of iron which it oxidises. Of pure bioxide of manganese 
43-7 parts (1 eq.) produce 35'5 parts of chlorine, which oxi* 
dise 278 parts (2 eq.) of crystallised protosulphate of iron. 
Hen(^ 50 grains of bioxide of manganese yield chlorine suffi- 
cient to oxidise 317 grains (more exactly, 316*5 grs.) of proto- 
sulphate of iron. 

50 grains of the powdered oxide of manganese to be 
examined are weighed out, and also any known quantity, not 
less than 317 grains, of the sulphate of iron (copperas) em- 
ployed in chlorimetry. The oxide of manganese is thrown 
into a flask containingan ounceand a half of strong hydrochloric 
acid, diluted with half an ounce of water, and a gentle heat 
applied. The sulphate of iron is gradually added in small 
quantities to the acid, so as to absorb the chlorine as it is 
evolyed ; and the addition of that salt continued, till the liquid, 
after being heated, gives a blue precipitate with the red prussiate 
of potash, and has no smell of chlorine, which are indications 
that the protosulphate of iron is present in excess. By 
weighing what remains of the sulphate of iron, the quantity 
added is ascertained ; say m grains. If the whole manganese 
were bioxide, it would require 317 grains of sulphate of iron, 
and that quantity would, therefore, indicate 100 per cent, of 
bioxide in the specimen ; but if a portion of the manganese 
only is bioxide, it will consume a proportionally smaller 
quantity of the sulphate, which quantity will give the propor- 
tion of the bioxide, by the proportion: as 317 : 100 :: m: 
per-centage required. The per-centage of bioxide of man- 
ganese is thus obtained by multiplying the number of grains 
of sulphate of iron oxidised by 0*317. It also follows that 
the per-centage of chlorine which the same specimen of man- 
ganese would afford, is obtained by multiplying the number 
of grains of sulphate of iron oxidised by 0*2588. 

Another mode of estimation is to pass the chlorine gas. 
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obtained by heating the manganese in a flask with hydro- 
chl(»ic acid^ into a aolution of sulphuroas add^ quite free 
from sulphuric (it should give no precipitate with chloride of 
barium) ; the chlorine converts an equivalent quantity of 
sulphurous acid into sulphuric. The liquid is then mixed 
with chloride of barium^ and boiled to expel the excess df sul- 
phurous acid^ after which the sulphate of baryta ia thrown on 
a filter^ washed^ dried^ ignited^ and weighed. The 116*64 gr., 
or 1 eq. of sulphate of baryta^ correspond to 43*7 gr.^ or 1 eq. 
of bioxide of manganese. 

The value of commercial oxide of manganese may also be 
estimated by heating it with hydrochloric acid and oxalic add. 
The disengaged chlorine then converts the oxalic acid into 
carbonic add^ — 2 eq. of carbonic add representing 1 eq. of 
chlorine^ and therefore 1 eq. of bioxide of manganese : 

C2HO4 + CI = 2C0a + HCl. 

A convenient apparatus for the determination is a small 
Pj ^ light glass flask (fig. 1)^ of 3 or 4 oz. 

capadty, having a lipped edge^ and 
fitted with a perfor^;ted cork. A piece 
of tube^ about 8 inches long^ drawn 
out at one end^ and filled with firag- 
ments of chloride of caldum^ to absorb 
water^ is fitted by means of a small 
cork and a bent tube to the mouth of 
the flask. A short tube closed nt one 
end^ and small enough to go into the flask^ is used to 
contain the hydrochloric add. Fifty grains of the mineral^ 
in the state of very fine powder^ are introduced into the 
flask^ together with about half an ounce of cold water, and 
100 grains of strong hydrochloric acid in the tube^ as shown 
in the figure : 60 grains of crystallised oxalic add are then 
added^ the chloride of caldum tube fitted on^ and the whole 
quickly weighed. The flask is then tilted so as to allow the 
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hydrochloric acid to flow out of the tube^ and come in 
contact with the mixture of manganese and oxalic acid^ and 
a gentle heat applied to determine the action. Carbonic acid 
is then evolyed, and escapes through the chloride of calcium 
tube. To expel the last portions of carbonic add^ the liquid 
must be ultimately heated till it boils ; after which it is left 
to cool^ and weighed : the loss of weight gives the quantity 
of carbonic acid. Now^ as 43'67> the equivalent of bioxide 
of manganese^ is nearly double that of carbonic acid^ which 
is 22^ the loss of weight in the apparatus may be taken to 
represent the quantity of real bioxide in the 50 grains of 
the sample. [For other methods^ see Appendix.] 

To obtain a complete appreciation of the value of a sample 
of manganese^ it is not sufficient to know the per-centage of 
real bioxide in it^ — or, which comes to the same thing, the 
quantity of chlorine it is capable of yielding, — but we must 
also know the quantity of hydrochloric acid which must be 
consumed for evolving this chlorine. If the sample consists 
of pure bioxide, half the acid used will give up its chlorine ; 
if it be pure sesquioxide, only a third of the acid will be 
changed into chlorine. The quantity of acid required will 
therefore be greater in the latter case than in the former in 
the ratio of 3 : 2. Lastly, if the oxide contains lime, baryta, 
or oxide of iron, these bases will neutralise a portion of the 
acid without supplying any chlorine. To determine the ex- 
penditure of acid, a known weight of the oxide is heated with 
a known quantity of hydrochloric acid of given strength, the 
chlorine being suffered to escape, but the hydrochloric acid 
which would othenrise escape undecomposed being collected 
in a small receiver moistened on the inside. When the action 
is over, the acid thus condensed is added to that in the flask, 
the whole diluted with water, and the quantity of free acid 
determined by adding a graduated alkaline solution, till the 
precipitate which forms no longer redissolves on agitation. 
The quantity of free acid thus determined is then to be de- 

VOL. II. c 
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ducted from the original quantity^ and tlie difiference gives the 
quantity consumed. 

Manganic acid; MnO,; 51'67 or 645-9. — When biozide 
of manganese is strongly ignited with hydrate or carbonate of 
potash in excess^ manganic add is formed^ under the influence 
of the alkali^ together with a lower oxide of manganese. 
Ignition in open vessels^ or with an admixture of nitrate of 
potash^ increases the production of the acid^ by the absorption 
of oxygen which then occurs. The product has long been 
known as mineral chameleon^ from the property of its solu- 
tion, which is green at first, to pass rapidly through several 
shades of colour. But a more convenient process for pre- 
paring manganate of potash is that recommended by Dr. 
Gregory. He mixes intimately 4 parts of bioxide of man- 
ganese in fine powder with ^\ parts of chlorate of potash, and 
adds them to 5 parts of hydrate of potash dissolved in a small 
quantity of water. The mixture is evaporated to dryness, 
powdered, and afterwards ignited in a platinum crucible, but 
not fused, at a low red heat. The ignited mass, digested in a 
small quantity of cold water, forms a deep green solution of 
the alkaline manganate, which may be obtained in crystals of 
the same colour by evaporating the solution over sulphuric 
add in the air-pump. Zwenger, by igniting bioxide of man- 
ganese with 3 parts of nitric acid, and evaporating the aqueous 
solution in vacuo, obtained reddish-brown crystals containing 
KO.MnO,. On exposure to the air, they became dull and 
dark green. The manganates were discovered by Mitscher- 
lich to be isomorphous with the sulphates and chromates. It 
has not yet been found possible to isolate manganic add. Its 
salts in solution readily undergo decomposition, unless an 
excess of alkali is present; and are also destroyed by contact 
of organic matter, such as paper. 

Permanganic add, MnjOy; 111-84 or 1891-8. — ^When the 
green solution of manganate of potash, prepared as above 
directed, is diluted with boiling water, hydrated bioxide of 
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xnaBganeBe sabaides, and the liquid asBumes a beautiful pink 
or violet colour. The manganic add is resolved into bioxide 
of manganese and hypermanganic acid : 

SMnOg = MnOa + MjLfl^. 

The permanganate of potash should be rapidly concentrated^ 
without contact of organic matter^ and allowed to crystallize. 
A better process for obtaining this salt is to mix 1 part of 
bioxide of manganese^ in very fine powder^ with 1 part of 
chlorate of potash; introduce this mixture into a solution of 
l-f part of caustic potash in the smallest possible quantity 
of water; evaporate to dryness^ during which process a con- 
siderable quantity of manganate of potash is formed ; then 
heat the mixture slowly to dull redness ; boil the product in 
watar; filter through asbestos^ and concentrate by evapora- 
tion : the liquid^ on coolings deposits permanganate of potash 
in crystals. It may be purified by solution in a smaU quan- 
tity of boiling water, and recrystallisation. The crystals are 
of a dark purple colour, almost black, and soluble in sixteen 
times their weight of cold water ; they were found by Mitscher- 
lieh to be isomorphous with perchlorate of potash ; they dis- 
solve in 16 parts of water at 60** (Regnault). The perman- 
ganates give out oxygen when heated, and are reconverted 
into manganates. Their solutions have a rich purple colour, 
and are so stable that they may be boiled, if concentrated. 
A small portion of a permanganate imparts a purple colour to 
a very large quantity of water. 

When a strong solution of caustic potash is added to a 
dilute solution of permanganate of potash, the liquid changes 
colour, assuming first a violet, and afterwards an emerald- 
green tint. The permanganate is in fact converted into 
manganate, a double quantity of potash having entered into 
combination with the acid : 

KO.Mn^O^ -h KO=2(KO.Mn03) + O. 

C 2 
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The oxygen thus liberated remains dissolved in the water. 
This transformation is due to the great basic power of the 
potash. Acids produce the contrary effect^ that is to say^ 
they convert manganates into permanganates. 

The insoluble manganate of baryta may be formed by 
fusing bioxide of manganese with nitrate of baryta; and 
when mixed with a little water^ and decomposed by an equi- 
valent quantity of sulphuric acid^ affords free permanganic 
acid. In Mitscherlich's experiments^ the free acid appeared 
to be a body not more stable than bioxide of hydrogen, 
being decomposed between 86^ and 104^, with escape of 
oxygen gas and precipitation of hydrated bioxide of man- 
ganese. It bleached powerfully, and was rapidly destroyed 
by all kinds of oi^anic matter. M. Hiinefeld, on the other 
hand, obtained permanganic acid in a state in which it could 
be preserved, evaporated, redissolved, &c. He washed the 
manganate of baryta with hot water, by which it is resolved 
into bioxide of manganese and permanganate of baryta, and 
then added to it the quantity of phosphoric acid exactly 
necessary to neutralise the baryta. The liberated perman- 
ganic acid was dissolved out, evaporated to dryness, and by a 
second solution and evaporation, obtained in the form of a 
reddish-brown mass, crystalline and radiated, which exhibited 
the lustre of indigo at some points and was entirely soluble 
in water. When dry permanganic acid was fused in a retort 
with anhydrous sulphuric acid, and afterwards distilled at a 
higher temperature, an acicular sublimate of a crimson red 
colour was obtained, which appeared to be a combination of 
permanganic and sulphuric acids. (BerzeUus's TraitS, i. 522.) 
When monohydrated sulphuric acid is poured upon a some- 
what considerable quantity of crystallised permanganate of 
potash, the salt is decomposed with great evolution of heat, 
red flames bursting out, oxygen being evolved, and manganic 
oxide set free in dark-brown flakes and shreds like spider- 
lines. The red flames seem to show that permanganic acid 
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is gaseous at the high temperature produced by the reaction. 
(Wohler.) 

PerchUnide of manganese^ Mn^Cl^, is a greenish yellow 
gas^ which condenses at (f F. into a liquid of a greenish- 
brown colour. This Uquid diffuses purple fumes, owing to 
the formation of hydrochloric and permanganic acids, by the 
decomposition of the moisture of the air. It was formed by 
Dumas by dissolving manganate of potash in oil of vitriol, 
pouring the solution into a tubulated retort, and adding by 
degrees small portions of chloride of sodium or potassium, 
completely freed from water by fusion. The perchloride of 
manganese is the result of a reaction between the liberated 
hypermanganic and hydrochloric adds : 

Mn^Oy + 7Ha=Mn2Cl7 + 7HO. 

A corresponding perjluoride of manganese was formed by 
Wohler by distilling, in a platinum retort, a mixture of 
manganate of potash and fluor-spar in powder, with fuming 
sulphuric acid. It is a greenish-yellow gas, which likewise 
produces purple fumes in damp air. 

homorphous relations of manganese. — There is no other 
element whose compounds enter into so many isomorphous 
groups, and connect so large a proportion of the elements by 
the tie of isomorphism, as manganese. The salts of its prot- 
oxide are strictly isomorphous with the salts of magnesia and 
its class ; so that manganese belongs to and represents the 
magnesian family of elements. The same metal connects 
the sulphur family with the magnesian, by the isomorphism 
of the sulphates and manganates ; and, thereforo, sulphur, se- 
lenium, and tellurium are thus allied to the magnesian metals. 
An equally interesting relation is that of permanganic with 
perchloric acid, and the isomorphism, which it establishes, of 
2 equivalents of manganese with 1 equivalent of chlorine, 

and the other members of its family. 

c 8 
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ESTIMATION OV MANGANESE, AND METHODS OF SEPARATING IT 

FROM THE PRECEDING METALS, 

The usual method of precipitating manganese firom the so- 
lution of a manganous salt, is to add carbonate of soda at a 
boiling heat. The precipitated carbonate of manganese is 
then well washed with boiling water, and calcined at a strong 
red heat, whereby it is converted into manganoso-manganic 
oxide, Mn304, containing 72*11 per cent, of manganese. If 
the solution contains a considerable quantity of ammoniacal 
salts, it must be evaporated after mixing it with excess of 
carbonate of soda, and the soluble salts dissolved out of the 
residue by water. 

Manganese is separated from the alkali-metals by means of 
carbonate of soda or sulphide of ammonium, which latter 
precipitates it in the form of sulphide. The sulphide is 
washed with water containing a small quantity of sulphide of 
ammonium; then redissolved in acid; and the manganese 
precipitated from the solution by carbonate of soda. 

From barium and strontium, manganese is easily separated 
by meansof sulphate of soda, which throwsdown the barytaand 
strontia as sulphates ; also by sulphide of ammonium. From 
Ume and manganese it is separated by sulphide of ammonium, 
which, if the solution be sufficiently dilute, precipitates the 
manganese alone in the. form of sulphide. The separation 
fr^m lime may also be effected by means of oxalate of ammo- 
nia, after the addition of chloride of ammonium to keep the 
manganese in solution. 

From alumina and glucina, manganese, if in small or mode- 
rate quantity only, may be separated by boiling the solution 
with potash in an open vessel. The manganese is then pre- 
cipitated in the form of sesquioxide, while the alumina and 
glucina are dissolved by the potash. K^ however, the propor- 
tion of manganese be considerable, this method cannot be 
used, because the oxide of manganese carries down with it 
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considerable qnantities of alamina and glucina. In this case, 
the liquid must be mixed with sal-ammoniac and the alumina 
and glucina precipitated by ammonia. The precipitate, how- 
ever, always contains small quantities of manganese, which 
must be separated by subsequent treatment with potash. 



SECTION II. 

IRON. 

Eg. 28 or 350 j Fe {ferrum). 

The most remarkable of the metals; the production of which, 
from the numerous and important appUcations it possesses, 
appears to be an indispensable condition of civilisation. 
Meteoric masses of iron, often so pure as to be malleable, are 
found widely although thinly scattered over the earth's 
sm&ce, and probably first attracted the attention of mankind 
to this metal. Of the occurrence of metallic iron as a terres- 
trial mineral in situ, the best established instances are the 
species of native iron which accompanies the Uralian platinum, 
and a thin vein about two inches in thickness, observed in 
chlorite slate, near Canaan in the United States. In a state of 
combination, iron is extensively diffused, being found in small 
quantity in the soil, and in most minerals, and as sulphide, 
oxide, and carbonate, in quantities which afford an inexhaust- 
ible supply of the metal and its preparations, for economical 
purposes. 

Iron differs from all other metals in two points, which 
greatly affect the methods of reducing it. Its particles agglu- 
tinate at a full red heat, although the pure metal is nearly 
infusible. The oxides of iron, which are easily reduced by 
combustible matter, thus yield in the furnace a spongy metallic 

mass, which may admit of being compacted by subsequent 

4 
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heating and hammerings if the oxide has originally been free 
from earthy and other foreign matter. Such probably was 
everywhere the earliest mode of treating the ores of iron^ and 
we find it still followed among rude nations. But iron is also 
singular in forming, at an elevated temperature, a fusible 
compound with carbon (cast iron), the production of which 
facilitates the separation of the metal from every thing extra- 
neous in the ore, and is the basis of the only method of extract- 
ing iron extensively practised. 

The ore of iron most abundant in the primary formations 
is the black oxide or magnetic ore, which a£Pords the most 
celebrated and valuable irons of Sweden and the north of 
Europe, but of which the application is greatiy circumscribed 
from its not beiug associated with coal. In the secondary 
and tertiary formations, the anhydrous and hydrated sesqui- 
oxide of iron, red and brown hematite, occur occasionally in 
considerable quantity, often massive, reniform, and quite pure, 
at other times pulverulent and mixed with clay. It is em- 
ployed to some extent in England in the last condition, but 
only for the purpose of mixing with the more common ore. 
The crystallised carbonate of iron, or spathic iron, is smelted in 
some parts of the continent, and gives an iron often remark- 
able for a large proportion of manganese. The celebrated 
iron of Elba is derived from specular or oligistic iron, a 
crystallised sesquioxide. But the consumption of all these 
ores is inconsiderable, compared with that of the clay ironr- 
stone of the coal measures. This is the carbonate of the 
protoxide of iron mixed with variable quantities of clay and 
carbonates of lime, magnesia, &c. ; it is often called the argil- 
laceous carbonate of iron. It is a sedimentary rock wholly 
without crystallisation, resembling a dark-coloured limestone, 
but of higher density, from 2-936 to 3'471, and not effer- 
vescing so strongly in an acid. It occurs in strata, beds, or 
bands, as they are also named, from 2 to 10 or 14 inches in 
thickness, alternating with beds of coal, day, biljuninous 
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schist, and often limestose. The proportion o{ iron in this 
ore varies considerably, but averages about 80 per cent., and 
after it has been calcined, to expel carbonic add and water, 
about 40 per cent* 

8HELTINO CLAT IKON-STONK. 

The blast fiimace, in which the ore is reduced, is of 
the form r^ireaented below, 40 to 66 feet in height, with 



* Accurate «■«!;•«• of lOTenl Sootoh Tarietiea of thi* ore b*Te been pab- 
liibed bj Dr. H. Colqahoon (Bmiter'i JonmtU, -rii. £$4 ; or Dr. Thomton'i 
Otlina ^ Mixtralogf aU Otelegt, i. 446) ; and of the TrencI) orw, hj 



26 IRON. 

an interior diameter of from 14 to 17 feet at tlie widest 
part. The cavity of the furnace is entirely filled with fuel 
and the other materials^ which are continuously supplied from 
an opening near the top; and the combustion maintained 
by air thrown in at two or more openings^ called tuyeres^ near 
the bottom^ under a pressure of about 6 inches of mercury^ 
from a blowing apparatus^ so as to maintain the whole con- 
tents of the furnace in a state of intense ignition. When the 
air to support the combustion has attained a temperature of 
600^ or 700^ by passing through heated iron tubes^ before 
it is thrown into the furnace, raw coal may be used as the 
fuel; but with cold air, the coal must be previously charred 
to expel its volatile matter, and converted into coke, other- 
wise the heat produced by its combustion is insufficient. 
With the ore and fuel, a third substance is added, generally 
limestone, the object of which is to form a fusible compound 
with the* earthy matter of the ore ; it is, therefore, called a 
fiux. Two liquid products accimiulate at the- bottom of the 
furnace, namely, a glass composed of the flux in combination 
with the earthy impurities of the ore, which when drawn off 
forms a solid Blag^ and the carbide of iron, or metal, which is 
the heavier of the two. It may be drawn from observations 
made by Dr. Clark, in 1833, on the working of the Scotch 
blast furnaces, under the hot bUist, that the relative pro- 
portions of the materials, including air, and product of cast 
iron, are as follows* : — 

Weight. 

Coal 6 

Boasted iron-stone .... 5 

Limestone 1 

Air 11 

Average product of cast iron . • 2 

M. Berihier, in his Traii^ det esiou par la ifoU tieke, ii< 262, a work which it 
inyaluable for the metaUnrgio student, and Mitohell's Practical Jstayin^, Syo. 
• Edinburgh FhiL Trana. toL 18. 
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^e ultimate fixed products are the slag and carburet of 
iron^ but the formation of these is preceded by several in- 
teresting changes which the ore successively undergoes in the 
course of its descent in the furnace. A portion of the oxide 
of iron is certainly reduced to the metallic state^ soon after 
its introduction^ in the upper part of the furnace, by carbonic 
oxide and volatile combustible matter; but the reduced metal 
does not then fuse. A large portion of the oxide of iron 
must combine also, at the same time, with the silica and 
alumina present in the ore, which act as adds, and a glass 
be formed, the oxide of iron in which is scarcely reducible by 
carbon. But this injurious efiect of the acid earths is coun- 
teracted by the lime of the flux, which, being a more powerful 
base than oxide of iron, liberates that oxide from the glass 
when the proportions of the materials introduced into the 
furnace are properly acfjusted, and neutralises the silica; so 
that the slag eventually becomes a siHcate of lime and alumina^ 
with scarcely a trace of oxide of iron. The whole oxide of 
iron comes thus to be exposed to the reducing action of the 
volatile combustible, and consequently the whole iron is pro- 
bably, at one time, in the condition of pure or malleable iron. 
But when the metal descends somewha|( farther in the fur- 
nace, it attains the high temperature at which it combines 
with the carbon of the coke in contact with it, and it fiises 
for the first time, in the form of carburet of iron. It has not 
yet, however, attained its ultimate condition. When it reaches, 
in its descent, the region of the furnace where the heat is 
most intense, its carbon reacts on the silica, alumina, Ume, 
and other alkaline oxides contained in the fluid slag with 
which it is accompanied, reducing portions of silicon, alumi- 
nmn, calcium, and other alkaUne metals, which combine with 
the iron. The proportion of carbon replaced by silicon and 
metallic bases is generally found to be greater in iron pre- 
pared by the hot than by the cold blast, owing, it is presumed, 
to the higher temperature of the furnace with the hot blast. 
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The introdnction of air already heated to sapport the com- 
bustion of the blast furnace^ for which a patent was obtained 
by Mr. J. B. Neilson^ has greatly reduced the proportion of 
coal required to smelt a given weight of ore, enabling the 
iron-master, indeed, to effect a saying of more than three- 
fourths of the coal where it is of a bituminous quality. The 
air is heated between the blowing apparatus and the furnace, 
by being made to circulate through a set of arched tubes of 
moderate diameter, heated by a fire beneath them. The air 
can be heated in this manner to low redness, or to near 1000**, 
but there is found to be no proportional advantage in raising 
its temperature much above the melting point of lead (612^), 
which is already higher than the point at which charcoal 
inflames. Considering the great weight of air that enters the 
furnace, the temperature of that material must greatly affect 
the whole temperature of the fomace, particularly of the lower 
part, where the air is admitted, and which part it is desirable 
should be hottest. Now a certain elevated temperature is 
required for the proper smelting of the ore, and, unless attained 
in the furnace, the fuel is consumed to no purpose. The 
removal of the negative influence of the low temperature of 
the air, appears to permit the heat to rise to the proper point, 
which otherwise is attained with difficulty and by a wasteful 
consumption of fuel. Professor Beich, of Freiberg, has ob- 
served that heating the air likewise alters the relative tem- 
peratures of different parts of the furnace, depressing in par- 
ticular, and bringing nearer the tuyeres, the zone of highest 
temperature. The admixture of steam with the air has, he 
finds, precisely the opposite effect, elevating the zone of 
highest temperature in the furnace; so that the effect of the 
hot blast may be exactiy neutralised by mixing steam with 
the hot air. 

Cast iron. — The fused metal is run into channels formed 
in sand, and thus cast into ingots or pigs, as they are called. 
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Cast mm is an exceedingly yariable mixture of reduced sub- 
stances^ of whicli the principal is iron combined with carbon. 
The theoretical constitution to which that variety of it^ most 
definite in its composition^ approaches^ is the following : — 

WHITE CAST IRON. 

4 equivalents of iron . ' . . 94*9 

1 equivalent of carbon . . 5*1 

1000 

The difference in appearance and quality of the varieties of 
cast iron is not well accounted for by their composition. The 
grey or mottled cast iron^ forming the qualities Nos. 1 and 2, 
plants a fracture oompoBed of smaU crystals, is e«dly cut by 
the file^ and is preferred for castings. It is generally sup- 
posed that a portion of uncombined carbon is diffused through 
the iron of these qualities^ in the form of graphite. No. 8^ 
or white cast iron, is more homogeneous ; its fracture exhibits 
crystalline plates^ like that of antimony, and is nearly white; 
it is exceedingly hard and brittle. 

Malleable iron. — The great proportion of cast iron mann- 
&ctured is afterwards refined, or converted into bar or 
malleable iron. The mode of effecting this conversion varies 
with tlie nature of the fuel. Where coal or coke is used, as 
in this country, the process consists of two stages. In the 
first, which is called refining^ the pig-iron is heated in contact 
with the fuel in small low ftimaoes called refineries, while air 
is blown over its surface by means of tuyeres. The effect of 
this operation is to deprive the iron of a great portion of the 
carbon and nearly all the silicon associated with it. The 
metal thus far purified is run out into a trench, and suddenly 
cooled by pouring cold water upon it. It then forms a 
gr^psh-white very brittle mass, blistered on the surface. In 
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tliis Btate it is called fine metal. It is then ready for the 
second and principal operation, called the puddling process, 
which consistB in heating masses of the iron with a certain 
access of air in a kind of reverberatory furnace, called the 
puddling furnace, of which Fig. S. represents a vertical sec* 
tiou. This furnace has four doors, two of which, F and G, 
serve for the introduction of fuel to the grate ; the charge 
of metal is introduced at E; and D serves for the insertion 
of a long poker or spatula, with which the metal is stirred 
about. The hearth of the furnace has an aperture B at 
the back, for removing the slag. The furnace having been 
brought to a bright red heat, about four or five hundred- 
weight of iine metal is introduced, together with one hun. 
dred- weight of rich scorie or forge cinders (scale-oxide). 
The metal then fuses, and in thia state the workman stirs 
it about with the poker, eo as to expose every part to the 
flame. The carbon is thus gradually burnt out, partly by 
the direct action of oxygen in the flame, and partly by 
cementation with the oxide of iron ; and the metal becomes 
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les9 fiisible^ and thick and tenacious, so that it sticks together, 
and is easily formed into four or five large balls, called 
blooms. In this condition it is removed by tongs, com- 
pressed into a cylindrical form by a few blows of a loaded 
hammer, and quickly converted into a bar, by pressing it 
between grooved rollers. The tenacity of the metal is further 
increased by welding several bars together ; a fie^ggot of bars 
is brought to a white heat in an oblong fiimace, and then 
extended between the grooved rollers into a single bar. 

The texture of malleable iron is fibrous. Although the 
purest commercial form of the metal, it still contains about 
one-half per cent, of carbon, with traces of silicon and other 
metals. 

Pure iron may, however, be obtained by introducing into a 
Hessian crucible 4 parts of iron wire cut into small pieces, 
and 1 part of black oxide of iron; placing above these a 
mixture of white sand, lime, and carbonate of potash, in the 
proportions used for glass-making ; covering the crucible with 
a closely fitting lid ; and exposing it to a very high tempera- 
ture. A button of pure metal is thus obtained, the traces of 
carbon and silicon in the iron having been removed by the 
oxygen of the oxide. (Mitscherlich.) 

Steel, — Only the best qualities of malleable iron, those 
prepared from a pure ore, and reduced by means of charcoal, 
such as the Swedish iron, are converted into steel. An iron 
box is filled with flat bars of such iron and charcoal powder, 
in alternate layers, and kept at a red heat for forty-eight 
hours, or longer. The surface of the bars is found after- 
wards to be blistered, and they have absorbed from 1*3 to 
1'75 per cent, of carbon. This is the process of cementa- 
tion. It is known that iron can be converted into steel 
without being in actual contact with charcoal, provided the 
iron and charcoal are in a close vessel together, and oxygen 
be present, the carbon reaching the surface of the metal in 
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tbe fonn of carbonic oxide gas. The iron becomes barder by 
this change, and more fosibley but can still be hammered 
into shape, and cat with a file. The property in which steel 
differs most from soft iron, is the capacity it has acquired of 
becoming excessively hard and elastic, when heated to red- 
ness and suddenly cooled by plunging it into cold water or oil. 
This hardness makes sted inyaluable for files, knives, and all 
kinds of cutting instruments. But the steel, when hardened 
in the manner described, is harder than is required for most 
of its applications, and also very brittle. Any portion of its 
original softness can be restored to the steel by heating it up 
to particular temperatures, — which are judged of by the 
colour of the film of oxide upon its surface, which passes from 
pale yellow at about 430", through straw yellow, brown yellow, 
and red purple into a deep blue at 580°, — and allowing the 
steel afterwards to cool slowly. Articles of steel are tempered 
in this manner. 

A simple and expeditious method of converting crude or 
pig-iron into malleable iron and steel, without the aid ofjuel, 
has lately been proposed by Mr. H. Bessemer. This process 
consists in causing cold air to bubble through the liquid iron ; 
under which drcumstanoes the oxygen of the air combines 
with the carbon of the iron, removing it in the form of car- 
bonic oxide, and generating sufScient heat to keep the iron in 
the liquid state without external heating, and to sustain the 
action till the whole, or any required proportion, of the car- 
bon is burnt away. As the quantity of carbon in the metal 
diminishes, part of the oxygen combines with the iron, con- 
verting it into an oxide, which, at the very high tem- 
perature then existing in the vessel, melts, and forms a 
powerful solvent for the earthy bases associated with the iron. 
At a certain stage of the process, the whole of the crude iron 
is said to be converted into cast steel of ordinary quality. 
By continuing the process, the steel thus formed is gradually 
deprived of its small remaining portion of carbon, and passes 
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suoceflsiTely' from Hard to soft steely steely iron^ and ulti- 
mately to very soft iron.^ 

Properties of iron. — Iron is of a bluish- white colour, and 
admits of a high polish. It is remarkably malleable, parti- 
cularly at a high temperature, and of great tenacity. Its 
mean density is 7*7, which is increased by fusion to 7*8439. 
When kept for a considerable time at a red heat, its particles 
often form large cubic or octohedral crystals, and the metal 
becomes "brittle. Malleable iron softens before entering into 
fusion, and in this state it can be welded, or two pieces 
united by hammering them together. The point of fusion of 
cast iron is 8479^ ; that of malleable iron is much higher. 
Cast-iron expands in becoming solid, and therefore takes 
the impression of a mould with exactness. Iron is attracted 
by the magnet at all temperatures under an orange-red heat. 
It is then itself magnetic by induction, but immediately loses 
its polarity, if pure, when withdrawn from the magnet. If 
it contains carbon, as steel and cast iron, it is afiected less 
strongly, but more durably, by the proximity of a magnet, 
becoming then permanently magnetic. Among the native 
compounds of iron, the black oxide, which forms the load- 
stone, and the corresponding sulphide, are those which share 
this property with the metal in the highest degree. A steel 
magnet loses its polarity at the boiling point of almond oil ; a 
loadstone, just below visible ignition (Faraday). 

Iron reduced from the oxide by hydrogen at a heat under 
redness, forms a spongy mass, which, when exposed to air, 
takes fire spontaneously at the usual temperature, oxide of 
iron being reproduced (Magnus). But iron, in mass, appears 
to undergo no change in dry air, and to be incapable of decom- 
posing pure water at ordinary temperatures. Nor does it 

* Chemioal Qaxette, 1856. p. 836. 
VOL. IT. P 
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appear to be acted upon by oxygen and water together ; bat 
the presence of carbonic acid in the water causes the iron to 
be rapidly oxidated^ with evolution of hydrogen gas. In the 
ordinary rusting of iron, the carbonate of the protoxide 
appears to be first produced, but that compound gradually 
passes into the hydxated sesquioxide, and the carbonic acid 
is evolved. The rust of iron always contains ammonia^ 
probably absorbed from the air; the native oxides of iron also 
contain ammonia. Iron remains bright in solutions of the 
alkalies and in lime-water, which appear to protect it firom 
oxidation; but neutral, and more particularly acid salts, 
have the opposite effect. The corrosion of iron under water 
appears, in general, to be immediately occasioned by the 
formation of a subsalt of that metal with excess of oxide, 
the acid of which is supplied by the saline matter in so- 
lution. Articles of iron may be completely defended firom 
the injury occasioned in this way, by contact with the more 
positive metal zinc, as in galvanized iron (I., 257), while 
the protecting metal itself wastes away very slowly. Cast 
iron is converted into a species of graphite by many years* 
immersion in sea- water, the greater part of the iron being 
dissolved while the carbon remains.* In open air, iron bums 
at a high temperature with vivacity, and its surface becomes 
covered with a fused oxide, which forms smithy ashes. Iron 
also decomposes steam at a red heat, and the same oxide 
is formed as by the combustion of the metal in air, namely^ 
the magnetic or black oxide, FeO.Fe203. 

Iron dissolves readily in diluted acids, by substitution for 
hydrogen, which is evolved as gas. Strong nitric acid acts 
violently upon iron, yielding oxygen to it, and undergoing 
decomposition. But the relations of iron to that acid when 



• Mr. Mallet has collected much information respecting the corrosion of 
iron, in his First Report to the British Association, on the action of sea and 
river water upon cast and wrought iron, 1839. 
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ftliglitly dilated are exceedingly singolar; they have been 
particularly studied by Professor Schonbein. 

Passive condition of iron* — Pure malleable iron^ such as a 
piece of clean stocking wire^ usually dissolves in nitric acid of 
sp. gr. 1*3 to 1*35, with eflTervescenoe ; but it may be thrown 
into a condition in which it is said by Schonbein to be passive, 
as it is no longer dissolved by that acid, and may be preserved 
in it for any length of time without change : — 1. By oxidating 
the extremity of the wire slightly, by holding it for a few 
seconds in the flame of a lamp, and after it is cool dipping it 
graduaUy in the nitric acid, introducing the oxidated end first. 
2. By dipping the extremity of the wire once or twice in con- 
centrated nitric add, and washing it with water. 3. By placing 
a platinum wire first in the acid, and then introducing the 
iron wire, preserving it in contact with the former, which may 
afterwards be witMrawn. 4. A fresh iron wire may be intro- 
duced in the same manner into the nitric acid, in contact with 
a wire already passive ; this may render passive a third wire, 
and so on. 6. By making the wire the positive pole or zincoid 
of a voltaic battery, introducing it after the negative pole or 
chloroid has been placed in the acid. Oxygen gas is then 
evolved firom the surface of the iron wire, without combining 
with it, as if the wire were of platinimi. As the passive state 
can be communicated by contact of passive iron, so it may be 
destroyed by contact with active iron (or zinc) undergoing, at 
the moment, solution in the acid. If passive iron be made a 
negative pole (chlorous) in nitric acid, it also ceases to resist 
solution. The indiflference to chemical action exhibited by 
iron when passive, is not confined to nitric acid of the density 
mentioned, but extends to various saline solutions which are 
usually acted npon by iron. An indifference to nitric acid of 
the same kind can also be acquired by other metals as well as 
iron, particularly by bismuth (Dr. Andrews), but in a much less 
degree. To account for this remarkable phenomenon various 
theories have been proposed. Schonbein and Wetzlar attri- 
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bute it to a peculiar electro-dynamic condition of the surface 
of the metal^ similar to that of the platinum in Grove's gas 
battery (I. 268 — ^270). Mousson attributes it to a coating of 
nitrous acid. By others again it has been ascribed to a peculiar 
antagonism between two forces acting simultaneously on the 
metal, the one tending to oxidate it at the expense of the nitric 
acid, the other to cause it to take the place of hydrogen in the 
nitrate of water, just as when it dissolves in sulphuric acid.* 
But perhaps the most probable explanation is that which attri- 
butes the passive condition of iron to the formation on its sur- 
face of a thin film of anhydrous ferric oxide, similar to specular 
iron. This view is supported by the fact that iron which has 
been ignited, and is therefore completely covered with black 
oxide, exhibits the same characters, excepting that, from the 
greater thickness of the coating, the passive state is more 
complete. It may also be observed, that iron becomes passive 
only in liquids which give up oxygen, and that in the volt4dc 
circuit it becomes passive precisely under the circumstances 
in which it is exposed to oxidation, t . e. when it is made the 
sincoid or positive pole, and that it becomes active again when 
made the negative pole, that is to say, when the oxide is 
reduced. The same view is supported by the observation that 
iron rendered passive in nitric acid immediately b^ins to dis* 
solve on the addition of hydrochloric acid. 
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Protoxide of iron, Ferrous oxide ; PeO ; 86 or 450. — Iron 
appears to admit of three degrees of oxidation, the protoxide 

♦ Dp. Andrews indeed concludes from obsenration, that the ordinary 
ohemical action of a hjdrated acid upon the metals which dissolyo in it, is ia 
general diminished, when the acid is concentrated, by the Toltaic association 
of these metals with such metals as gold, platinum, &c. ; while, on the con- 
trary, it is increased when the acid is diluted.— Trans, of the Bojal Irish 
Academy, 1838 ; or, Becquerel, rol. r. pt. 2, p. 187. 
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and aesquioxide^ whicli are both basic and correspond respec- 
tively with manganous and manganic oxide^ and ferric acid. 
The protoxide is not easily obtained in a dry state^ firom the 
avidity with which it absorbs oxygen. The purest anhydrous 
protoxide is obtained by igniting the oxalate out of contact of 
airj but even this, according to Liebig^ contains a small 
quantity of metallic iron. The protoxide exists in the sulphate 
and other salts of iron, formed when the metal dissolves in an 
add with evolution of hydrogen. 

Solutions of ferrous salts have a green colour. Potash or 
soda added to them throws down the protoxide as a white 
hydrate, which becomes black on boiling, from loss of water. 
The colour of the white precipitate changes by exposure to 
air, to grey, then to green, bluish black, and finally to an 
ochrey red, when it is entirely sesquioxide. Ammonia exer- 
cises a similar action, but does not precipitate the whole of 
the oxide, because the precipitate dissolves in the ammoniacal 
salt produced. Alkaline carbonates form a precipitate of 
carbonate of iron, which is white at first, but soon becomes of 
a dirty green, and undergoes the same subsequent changes 
from oxidation. Ferrous salts are not precipitated by hydro* 
mdpkuric add, the sulphide of iron being dissolved by strong 
acids, but give a black sulphide with solutions of alkaline std" 
phides. They give a white precipitate with ferrocyanide of 
potassium^ which gradually becomes of a deep blue when 
exposed to air ; with the ferricyanide^ a precipitate which is 
at once of an intense blue, being one of the varieties of 
Prussian blue. The infusion of galUnuts does not afiect a 
solution of the protoxide of iron when completely free from 
sesqtdoxide. 

Protostdp/dde of iron is prepared by heating to redness, in 
a covered crucible, a mixture of iron filings and crude sulphur, 
in the proportion of 7 of the former to 4 of the latter. It 
dissolves in sulphuric and hydrochloric acids, with evolution of 
hydrosulphuric add gas (I. 420.). 

D 3 
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A wubmlphide ofiroriy Fe^S^ i^pears to be formed when the 
sulphate of iron is redaoed by hydrogen^ one-half of the sul- 
phnr coming off in the form of snlphnrous acid. This sub- 
sulphide is analogous to the subsulphides of copper and lead^ 
which ciTstallise in octahedrons. 

Protochloride of iron crystallises with 4HO, and is very 
soluble. Like all soluble ferrous salts^ it is of a green 
colour^ giyes a green solution^ and has a great avidity for 
oiygen. 

Protiodide of iron is formed when iodine is digested with 
water and iron wire^ the latter being in excess^ and is obtained 
as a crystalline mass by evaporating to dryness. It was 
introduced into medical use by Dr. A. T. Thomson. A piece 
of iron wire is placed in the solution of this salt to preserve it 
from oxidising. The protiodide of iron dissolves a lai^ 
quantity of iodine^ without becoming periodide^ as the excess 
of iodine may be precipitated by starch. 

Protocyanide of iron C^NFe or FeCy, is as difficult to 
obtain as the protoxide of iron. When cyanide of potassium is 
added to a protosalt of iron, a yeUowish-red precipitate appears, 
which dissolves in an excess of the alkaline cyanide, and forms 
the ferrocyanide of potassium (I., 529.). A grey powder re- 
mains on distilling the ferrocyanide of ammonium at a gentle 
heat ; and a white insoluble substance on digesting recently 
precipitated prussian blue in sulphuretted hydrogen water, 
contained in a well-stopped phial ; these products, although 
they differ considerably in properties, have both been looked 
upon as protocyanide of iron. This compound is also obtained 
as a white deposit on boiling an aqueous solution of hydro- 
ferrocyanic acid, HjFeCyg. The same solution heated with red 
oxide of mercury forms cyanide of mercury and white proto- 
cyanide of iron. The most remarkable property of this cy- 
anide is its tendency to combine with other cyanides of all 
classes, and to form double cyanides, or to enter as a con* 
stituent into the salt-radicals ferrocyanogen and ferricyanogen, 
CysPe and CygFa,. 
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Hydroferrocyanic add; H^FeCyg or 2HCy,FeCy. This 
compound was discovered by Mr. Porrett. It may bo ob- 
tained by decomposing ferrocyanide of barium with sidphuric 
acid, or ferrocyanide of potassium with an alcoholic solution 
of tartaric acid, or ferrocyanide of lead with hydrosulphuric 
acid. It is soluble in water and alcohol, insoluble in ether, 
and crystallises by spontaneous evaporation in cubes or four- 
sided prisms, or sometimes in tetrahedrons. When dry, it 
may be kept for a long time without alteration in close 
vessels; but is decomposed on exposure to the air with 
evolution of hydrocyanic acid, and formation of prussian blue. 

Hydroferrocyanic acid unites with most salifiable bases, 
forming the salts called ferrocyanides^ whose general formula 
is MgFeCyg, the symbol M denoting a metal. The ferro- 
cyanides of ammonium, potassium, sodium, barium, stron- 
tium, calcium, and magnesium, dissolve readily in water; the 
rest are insoluble or sparingly soluble. Some of them, as the 
copper and uranium salts, are very highly coloured. Ferro- 
cyanide of potassium has been already described (I. 529.). 

Ferroq/anide of potassium and iron; KFe^Cyg = (KFe), 
(Cy3Fe). — The bluish- white precipitate which falls on testing 
a protosalt of iron with the ferrocyanide of potassium or yellow 
prussiate of potash, e. g., with the protochloride : 

K^FeCya + FeCl = KCl -f KFe^Cys. 

It is also obtained in the form of a white crystalline salt 
(mixed with bisulphate of potash), in the preparation of hydro- 
cyanic acid, by distilling ferrocyanide of potassium with dilute 
sulphuric acid : 

2K^FeCy3 + 6S03-|-6HO=8{KO,HO,2S03) +3HCy I-KFeaCy3. 

Exposed to the air, it absorbs oxygen and becomes blue. 
It then affords ferrocyanide of potassium to water, and after 
all soluble salts are removed, a compound remains, which 
Liebig names the basic sesquiferrocyanide of iron, and repre- 
sents by the formula Fe4.3(Cy3Fe)+Fe203, corresponding, 
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as will be seen hereafter^ with 1 eq. of prussian blue + 1 eq. 
of sesquioxide of iron. This basic compound is dissolyed 
entirely by continued washings and affords a beautiful deep blue 
solution. The addition of any salt causes the separation of 
this compound. Its solution may be evaporated to dryness 
without decomposition. The white ferrocyanide of iron and 
potassium likewise turns blue when treated with chlorine- 
water or nitric acid, being thereby converted into ferri- 
cyanide of iron and potassium (KFe^Cy^). 

SKFeaCy, + CI = KPe^Cyg + KCl. 

This latter compound, which when dry is of a beautiM 
violet colour, may be regarded as ferricyanide of potassium 
KsFe^Cyg, in which 2 eq. of potassium are replaced by iron 
(Williamson). 

Ferricyanide of iron, TurnfmlPs blue; Te^iCy^Te^. — This 
is the beautiful blue precipitate which falls on adding the 
ferricyanide of potassium (red prussiate of potash) to a proto- 
salt of iron. It is formed by the substitution of 3 eq. of iron 
for the 3 eq. of potassium of the latter salt (I. 580). The 
same blue precipitate may be obtained by adding to a proto* 
salt of iron a mixture of yellow prussiate of potash, chloride 
of soda, and hydrochloric acid. The tint of this blue is 
lighter and more delicate than that of prussian blue. It is 
occasionaUy used by the calico-printer, who mixes it with 
permuriate of tin, and prints the mixture, which is in a great 
measure soluble, upon Turkey-red cloth, raising the blue 
colour afterwards by passing the cloth through a solution of 
chloride of lime containing an excess of lime. The chief 
object of that operation is indeed different, namely, to dis- 
charge the red and produce white patterns, where tartaric 
acid is printed upon the doth ; but it has also the effect in- 
cidentally of precipitating the blue pigment and peroxide of 
tin together on the cloth, by neutralising the acid of the pre* 
muriate of tin. This blue is believed to resist the action of 
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Blkalies longer tlian ordinary prussian blue. It is distin- 
goished from prussian blue by yielding^ when treated with 
causdc potash or carbonate of potash^ a solution of ferro- 
cyanide of potassium^ and a residue of ferroso-ferric oxide : 

SFe^Cye + 4K0 = 2Kj,PeCy3 + PcsO^; 

whereaa prussian blue treated in the same manner yields 
ferric oxide (Williamson). 

Carbonate of iron is obtained on adding carbonate of soda 
to the prptosulphate of iron, as a white or greenish-white pre- 
cipitate, which may be washed and preserved in a humid con- 
dition in a dose vessel, but cannot be dried without losing 
carbonic add and becoming sesquioxide of iron. It is soluble^ 
like the carbonate of lime, in carbonic add water, and exists 
under that form in most natural chalybeates. Carbonate of 
iron occurs also crystallised in the rhombohedral form of calc- 
spar, forming the mineral spathic iron, which generally con- 
tains portions of the carbonates of lime, magnesia, and man- 
ganese. It is generally of a cream colour or black, and its 
density rarely exceeds 3*8. This anhydrous carbonate does 
not absorb;, oxygen from the air. Carbonate of iron is also 
the basis of clay iron-stone. There is no carbonate of the 
sesquioxide. 

Protosulphate of iron, Ferrous sulphate. Green vitriol, Cop- 
peras; FeO.SOs, HO + 6H0; 76 + 63 or 950 + 787-5.— 
This salt may be formed by dissolving iron in sulphuric add 
diluted with 4 or 5 times its bulk of water, filtering the solu- 
tion while hot, and setting it aside to crystallise. But the 
large quantities of sulphate of iron consumed in the arts are 
prepared simultaneously with alum, by the oxidation of iron 
pyrites (I. 606). 

The commercial salt forms large crystals, derived from an 
oblique rhomboi'dal prism, which effloresce slightly in dry air, 
and, when at all damp, absorb oxygen and become of a rusty 
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red colour; henoe the origin of the French term couperose 
applied to this salt^ and corrupted in our language into cop- 
peras. If these crystals be crushed and deprived of all hjgro- 
metric moisture by strong pressure between folds of cotton 
cloth or filter paper^ they may afterwards be preserved in a 
bottle without any change from oxidation. Of the 7HO which 
sulphate of iron contains^ it loses 6H0 at 238^^ but retains 1 eq. 
even at 585°. It may, however, be rendered perfectly anhy- 
drous, with proper caution, without any appreciable loss of 
acid. The anhydrous salt is also obtained in very small 
crystalline scales by immersing the hydrated crystals in 
strong boiling 6ulx)huric acid, and leaving the liquid to cool. 
The salt was observed by Mitscherlich to crystallise at 176**, 
with 4H0, in a right rhombic prism, like the corresponding 
sulphate of manganese. When its solution containing an excess 
of acid is evaporated by heat, a saline crust is deposited, 
which, according to Kuhn, contains 3H0. The sulphate of 
iron appears to form neither acid nor basic salts. One part 
of copperas requires to dissolve it, the following quantities 
of water, at the particular temperatures indicated above 
each quantity, according to the observations of Brandes and 
Pimhaber: — 

50** 59** 75-2° 109-4° 114° 1400° 1832° 194° 212° 
1-64 1-43 0-87 0-66 0-44 038 037 027 0-30 

Ferrous sulphate undergoes decomposition at a red heat, 
changing into ferric sulphate, and leaves, after all the acid 
is expelled, the red sesquioxide known as colcothar. This 
sulphate, like all the magnesian sulphates, forms with sul- 
phate of potash a double salt containing 6H0. A solution of 
the sulphate of iron absorbs nitric oxide, and becomes quite 
black ; according to Peligot, it takes up the gas in the pro- 
portion of 9 parts to 100 anhydrous salt, or one-fourth of an 
equivalent (I., 342). 

Protonitrate of iron. Ferrous nitrate, may be formed by 
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dissolving the protosulplude in cold dilate nitric acid; the 
solution evaporated in vacuo yields pale green, very soluble 
crystals. The solution of the neutral salt is decomposed near 
the boiling heat, with evolution of nitric acid and copious pre- 
cipitation of a ferric subnitrate. Iron turnings dissolve in dilute 
nitric acid and form the same salt, without evolution of gas, 
the water and acid being decomposed in such a manner as 
to form ammonia, at the same time that they oxidate the 
iron. 

Protoacetate of iron, Ferrous acetate, is obtained by dis- 
solving the metal or its sulphide in acetic acid. It forms 
small green prisms which decompose very readily in the air. 

Tartrate of potash and iron, Potassio-ferrous tartrate, is 
prepared by boiling bitartrate of potash with half its weight 
of iron turnings and a small quantity of water. Hydrogen is 
evolved, and a white, granular, sparingly soluble salt formed 
which blackens in the air from absorption of oxygen. It is 
used medicinally. The iron of this salt is not precipitated by 
hydrate or carbonate of potash. 
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Sesquioande of iron ; Peroxide of iron ; Ferric owide, 80 or 
1000. — Occurs very abundantly in nature : 1, as oliffistic or 
specular iron, in crystals derived from a rhombohedron very 
near the cube, which are of a brilliant metallic black and 
highly iridescent. Their powder is red; their density, from 
5*01 to 5'22. This oxide forms the celebrated Elba ore. — 
2. As red hematite^ in fibrous, mammillated, or kidney-shaped 
masses, of a dull red colour, very hard, and of sp. gr. from 4*8 
to 5*0. This mineral when cut forms the burnishers of blood- 
stone. — 3. also in combination with water, as brown hematite, 
which is much more abundantly diffused than the anhydrous 
sesquioxide, the granular variety supplying, according to M. 
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Bertliler, more than three-fourths of the iron-furnaces in 
France. Its density is 8*922; its powder is brown with a 
shade of yellow^ and it dissolves readily in acid^ which the 
anhydrous sesquioxide does not. From analyses by Dr. 
Thomson and M. Berthier^ this mineral appears to unite with 
1 eq. of water^ as HO.FcsO^ analogous to the magnetic oxide 
of iron, FeO.Fe^O}. The hydrated sesquioxide produced by the 
oxidation of iron pyrites^ of which it retains the form^ contains 

1 eq. of water^ or 10*31 per cent.^ and that from the oxidation 
of the carbonate of iron^ 3 eq. of water^ or 14*71 per cent.^ to 

2 eq. of sesquioxide (Mitscherlich^ Lehrbuch^ II. 23, 1840). 
The hydrate is the yellow colouring matter of clay, and with 
silica and clay it forms the several varieties of ochre. 

When metallic iron is oxidated gradually in a large quantity 
of water, there forms around it a light precipitate of a bright 
orange yellow colour, which, according to Berzdins, is a ferric 
hydrate, and of which the empirical formula is 2Fe203+3HO, 
the usual composition of brown hematite. When iron is 
oxidated in deep water, it is converted, according to E. Davy, 
into the magnetic oxide, which is possibly formed by cemen- 
tation from the hydrated sesquioxide. The hydrated sesqui- 
oxide is also obtained, by precipitation from ferric salts, by 
ammonia and by hydrated or carbonated alkali; but never 
pure, as when an insufficient quantity of alkali is added, a sub- 
salt containing acid is precipitated; and when the alkali is 
added in excess, a portion of it goes down in combination 
with the oxide, and cannot be entirely removed by washing. 
When ammonia is used, the water and excess of the precipi- 
tant may be expelled by ignition, and the pure sesquioxide 
obtained. The latter is not magnetic, and after ignition dis- 
solves with difficulty in acids. When ignited strongly, it 
loses oxygen and becomes magnetic. 

Ferric oxide and its compounds are strictly isomorphous 
with alumina and the compounds of that earth, and remark- 
ably analogous to them in properties. It is a weak base, 
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of wMch the salts have a strong acid reaction^ and are 
decomposed by all the magnesian carbonates^ as well as by 
the magnesian oxidea themselves. The solutions of its salts, 
Tirhich are neutral in composition^ have generally a yellow tint ; 
but they are all capable, when rather concentrated, of dissolv- 
ing a great excess of ferric oxide, and then become red. Very 
dilute solutions of the neutral salts of ferric oxide are decom* 
posed by ebullition, and the oxide entirely precipitated, the 
acid of the salt then uniting with water as a base (Scheerer). 

Iron is most conveniently distinguished by tests, or pre- 
cipitated for quantitative estimation, when in the state 
of sesquioxide. The solution of a ferrous salt is usually 
oxidised by transmitting a current of chlorine through it, or 
by adding to it, at the boiling point, nitric acid, in small 
quantities, so long as effervescence is occasioned from the 
escape of nitric oxide. Alkalies and alkaline carbonates throw 
down a red-brown precipitate of hydrated sesquioxide. ^y- 
drosulpkuric acid converts a sesquisalt of iron into a proto- 
salt, with precipitation of sulphur. Ferrocyanide of potassium 
throws down prussian blue, but the ferricyanide has no 
effect upon ferric salts beyond slightly changing the colour 
of the solution. StUphocyanide of potassium produces a deep 
wine-red solution with ferric salts, which becomes perfectly 
colourless when considerably diluted with water, provided 
the iron salt is not in great excess. Infusion of gaU-nuts 
produces a bluish-black precipitate — the basis of common 
writing ink. 

A remarkable insoluble modification of the hydrated sesqui- 
oxide is produced by boiling the ordinary hydrate (precipitated 
from the chloride by ammonia) in water for 7 or 8 hours. 
The colour then changes from ochre-yellow to brick-red, and 
the hydrate thus altered is scarcely acted upon by strong boil- 
ing nitric acid, and but very slowly by hydrochloric acid. In 
acetic acid, or dilute nitric or hydrochloric acid, it dissolves, 
forming a red liquid, which is clear by transmitted but turbid 
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by reflected light ; is precipitated by the smallest quantity of 
an alkali-salt or a sulphate ; and on addition of strong nitric or 
hydrochloric acid, yields a red granular precipitate which 
re-dissolves on diluting the liquid with water. The modified 
hydrate does not form prussian blue with ferrocyanide of po- 
tassium and acetic acid. It appears to be Fe203.HO, the 
ordinary precipitated hydrate, after drying in vacuo, being 
2FeQ03.3HO. This insoluble hydrate is likewise precipi- 
tated when a solution of the ordinary hydrate in acetic acid is 
rapidly boiled. The same solution, if kept for some time at 
212** in a close vessel, becomes light in colour, no longer 
forms Prussian blue with ferrocyanide of potassium, or exhibits 
any deepening of colour on addition of a sulphocyanide ; 
strong hydrochloric or nitric acid, or a trace of an alkali-salt, 
or sulphuric acid, throws down all the ferric oxide in the form 
of the insoluble hydrate.* It has also been observed that 
ferric hydrate becomes crystalline and less soluble by long 
immersion in water, and by exposure to a low temperature. 

Black or magnetic oxide of iron, Ferroso-ferric ojdde, 
FeO.Pe203, an important ore of iron, is a compound of the 
two oxides. It crystallises in regular octohedrons. In this 
compound, the sesquioxide of iron may be replaced by alu- 
mina and by oxide of chromium, and the protoxide of iron by 
oxide of zinc, magnesia, and protoxide of manganese, with- 
out change of form. It was produced artificially, by Liebig 
and Wohler, by mixing the dry protochloride of iron with 
an excess of carbonate of soda, calcining the mixture in a 
crucible, and treating the mass with water. The double 
oxide then remains as a black powder, which may be washed 
and dried without fiirther oxidation. The same chemists, by 
dissolving the black oxide in hydrochloric acid, and preci- 
pitating by ammonia, obtained a hydrate of the double oxide. 
It was attracted by the magnet, even when in the state of a 

• PAm do St. GiUes, Ann. Ch, Thyz, [3], xItl 47. 
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floccolent precipitate suspended in water. When ignited and 
anhydrous, this double oxide is much more magnetic than 
iron itself. 

Scale-oxide, 6FeO . Fe^Og. — When iron is heated to 
redness in contact with air, two layers of scale-oxide are 
formed, which may be easily separated. The inner layer, 
which has the composition just given, is blackish grey, porous, 
brittle, and attracted by the magnet. The outer layer con- 
tains a lai^er proportion of ferric oxide; it is of a reddish 
iron-black colour, dense, brittle, yields a black powder, and is 
more strongly attracted by the magnet than the inner layer. 
The proportion of ferric oxide in the outer layer is between 
32 and 37 per cent., and on the very surface as much as 
52*8 per cent. (Mosander). The specific gravity of the scale- 
oxide is 5 '48 (Boullay). 

Sesquisulphide of iron, or Ferric sulphide, Yg^^^j corre- 
sponding with the sesquioxide, may be prepared by pouring a 
solution of a sesquisalt of iron, drop by drop, into a solution 
of an alkaline sulphide, the latter being preserved in excess. 
At a low red heat, it loses 2-9ths of its sulphur, and becomes 
magnetic pyrites. The common yellow iron pyrites is the 
bisulphide of iron. It crystallises in cubes or other forms of 
the regular system; its density is 4*981. It may be formed 
artificially by mixing the protosulphide with half its weight 
of sulphur, and distilling in a retort at a temperature short of 
redness. The metallic sulphide combines with a quantity of 
sulphur equal to that which it already possesses, and forms a 
bulky powder of a deep yellow colour and metallic lustre, 
upon which sulphuric and hydrochloric acids have no action. 
This sulphide appears to be of a stable nature, but the lower 
sulphides of iron oxidate, when moistened, with great avidity. 
Stromeyer found the native magnetic sulphide of iron to con- 
sist of 100 parts of iron combined with 68 of sulphur; and 
the sulphide left on distilling iron with sulphur at a high 
temperature, to be of the same composition. It may be 
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viewed as 6Fe S. Ye^ S3 (Berzelios). It is said to be this 
oompoimd which is almost always formed when sulphide of 
iron is prepared in the nsual manner. 

SesquicMoride of iron, Ferric chloride, Fe^ CI3, is formed 
when iron is burned in an excess of chlorine. It is volatile 
at a red heat. Its solution^ which is used in medicine^ is 
obtained by dissolving the hydrated sesquioxide of iron in 
dilute hydrochloric acid. When greatly concentrated^ the 
solution of sesquichloride of iron yields^ sometimes orange- 
yeUow crystallme needles, radiating from a centre, which are 
Fe2Cl3 + 12H0^ at other times^ lai^e dark yellowish-red 
crystals^ Fcq CI3 + 5H0. Mixed with sal-ammoniac^ and 
evaporated in vacuo^ it affords beautiftd ruby-red octohedral 
crystals^ consisting of 2 eq. of chloride of ammonium^ and 
I eq. sesquichloride of iron^ with 2 eq. of water^ FegClg. 
2NH4 CI h 2H0. Of this water, the double salt loses 1 
eq. at 150^, and the other when dried above 300^ (Graham). 
There is a similar double salt, containing chloride of potassium, 
but not so easily formed. Sesquichloride of iron is soluble 
both in alcohol and ether. A strong aqueous solution was 
found by Mr. B. Phillips to dissolve not less than 4 eq. of 
freshly precipitated ferric hydrate, becoming deep red and 
opaque. 

Sesqui'iodide of iron is formed in similar circumstances to 
the preceding sesquichloride. 

Sesqidcyanide of iron. Ferric cyanide, Fe^Cys, is unknown 
in the pure state. A solution of it, which is decomposed by 
evaporation, is obtained by precipitating the potash of the red 
prussiate by fluoride of silicon. It forms a numerous class of 
double cyanides. A compound of the two cyanides of iron, 
like the compound oxide, is obtained as a green powder, when 
a solution of the yellow prussiate of potash, charged with 
excess of chlorine, is heated or exposed to air. The precipitate 
should be boiled with eight or ten times its weight of concen- 
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trated hydrochloric acid^ and well washed. Its formula is^ 
PeCy. FejCya + 4H0.* 

Hydroferricyanic acid; HgFe^Cye, ^ ^zA^Y^^)^ ^ 
SHCy.FcjCya, is obtained by decomposing ferricyanide of 
lead with sulphuric or hydrosulphuric acid. The decanted 
yellow solution yields, by careful evaporation, brownish 
needles, which redden litmus strongly, and have a rough 
sour taste. This solution gives a deep blue precipitate 
{Tumbull's blue), with ferrous salts. This add, united with 
salifiable bases, forms the ferricyanides MgFeaCyg. The 
potassium salt is described in Vol. I. p. 530. 

Prussian blue, Fe^ • 8(Cy3Fe), or 3FeCy. 2Fe2Cy3. — This 
remarkable substance is precipitated whenever the yeUow 
pmssiate of potash is added to a sesquisalt of iron. Thus 
with the sesquichloride : 

SKaFeCyg + 2Fe2Cl3 = ¥e^.S{Cj^'Fe) + 6KCI3. 

Care must be taken to avoid an excess of the yellow prussiate, 
as the precipitate is apt to carry down a portion of that salt. 
The precipitate also contains water which cannot be separated 
from it without decomposition. On the large scale, prussian 
blue is sometimes prepared by precipitating green vitriol with 
yellow prussiate of potash, and subjecting the white precipi- 
tate, KFe^Cyj, to the action of oxidising agents, such as 
chlorine or nitric add. This process, however, is likely to 
yield ferricyanide of iron and potassium, KFe4Cy6 (p.. 40.), 
rather than prussian blue, properly so called. 

Prussian blue, dried at the temperature of the air, is a light 
porous body, of a rich velvety blue colour; dried at a higher 
temperature it is more compact, and exhibits in mass a cop- 
pery lustre. It is tasteless, and not poisonous. Alkalies de- 
compose it, predpitating sesquioxide of iron and reproducing 
an alkaline ferrocyanide. This renders prussian blue of little 
value in dyeing, as it is injured by washing with soap. Red 

* Pebttze, Ann. Ch. Phys. [2], Ixix. 40. 
VOL. II. E 
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oxide of mercury boiled with prussian b]ue^ affords tlie soluble 
cyanide of mercury^ with an insoluble mixture of oxide and 
cyanide of iron. Prussian blue is destroyed by filming nitric 
acidj but combines with oil of vitriol^ forming a white pasty 
mass^ which is decomposed by water. 

The combination of prussian blue and sesquioxide of iron, 
called basic prussian blue^ was noticed at page 40. 

Although there is no carbonate of the sesquioxide of iron, 
the hydrated sesquioxide is dissolved by alkaline bicarbonates^ 
imder certain conditions which are not well understood^ and 
a red solution is formed. 

Ferric sulphates. — The neutral sulphate^ Fe^O,. 8SO^ is 
formed by adding to a solution of the protosulphate^ half as 
much sulphuric acid as it already contains, and oxidising by 
nitric acid. It gives a syrupy liquid, without crystallising. 
This salt is found native in Chili, forming a bed of consider- 
able thickness. It is generally massive, but forms also six- 
sided prisms, with right summits, which are colourless, and 
contain 9H0 (Rose). Ferric sulphate is soluble in alcohol. 
It may be rendered anhydrous by a low red heat; but after 
ignition, it dissolves in water with extreme slowness, like 
calcined alum. 

When hydrated ferric oxide is digested in the neutral sul- 
phate, a red solution is formed, which, according to Maus, is 
the compound FcjOg. 2SO3. The rusty precipitate which is 
formed in a solution of the protosulphate firom absorption of 
oxygen, is another subsulphate, of which the empirical formula 
is 2Fe203. SO3. The decomposition may be represented by 
the following equation : — 

10{FeO.SO3) + 50 = 2Fea03.S03 + 3(Fea03.3S03). 

The neutral ferric sulphate remains in solution. 

A potassiO'ferric sulphate, or iron alum, is formed by eva- 
poratmg a solution of the mixed salts to their point of crystal- 
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lisatioxL. It is colourless and exactly analogous in composition 
to ordinary alum (1. 606.). Its formula is KO • SO3 + FeJO^. 
8SO3+24HO. 

Another double sulphate is formed^ which crystallises 
in large six-sided tables^ and of which the formula is 
2(K0 • 8G^) + Vefi^ • 2SO3+6HO (Maus), when potash is 
added gradually to a concentrated solution of ferric sulphate, 
till the precipitate formed ceases to redissolve^ and the solu- 
tion is evaporated in vacuo. 

Berzelius designates BBferroso-ferric sulphate a combination 
containing FeO * SO3 + Tefi^ - SSO,. It is the salt produced 
when a solution of the neutral protosulphate of iron is ex- 
posed to the air^ till no more ochre is precipitated. The 
solution^ which is yellowish red^ does not crystallise^ but gives 
the black oxide of iron when precipitated by an alkali. A 
salt of the same constituents^ but in different proportions^ 
forms large stalactites^ composed of little transparent crys- 
tals, in the copper mine of Fahlun. This last is represented 
by 8FeO • 2S03+3(Fea03 • 2803)4- 36HO (BerzeUus). 

Ferric nitrate, — By dissolving iron in nitric acid, without 
heaC^ as in Schcenbein's experiments (page 35), a salt is ob- 
tained in large, transparent, colourless crystals. From more 
than one analysis, Pelouze found the constituents of this 
salt to be in the proportion of 2Fe203.3N05-|-l^HO. Its 
solution is decomposed by heat, with deposition of ferric oxide. 
Ordway^, by digesting metallic iron in nitric acid of sp. 
gr. 1*20, obtained, first a greenish solution, then a red, and 
ultimately a rusty brown precipitate ; and on adding an equal 
volume of nitric acid of sp. gr. 1*43 as soon as the last pre- 
dpitate began to form, and cooUng the liquid below 60°, — or 
by evaporating the greenish solution, adding a large excess of 
nitric acid and cooling, — colourless, oblique, rhombic prisms, 
were formed containing Fe203 • 3 NO5 + 18 HO ; they 



• Sill. Am. J. [2], ix. 80. 
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were deliquescent, sparingly soluble in nitric acid, melted at 
about 116° to a red liquid, and gave off their acid pardy at 
212'', completely at a red heat. Two ounces of these crystals 
pounded and mixed with an equal weight of pulverised 
bicarbonate of ammonia, produced a fall of temperature 
from +58® to —5°. By adding this compound to recently 
precipitated ferric hydrate, Ordway obtained basic salts con- 
taining from 1 to 8 eq. oxide to 1 eq. acid. The solutions of 
these salts were of a deep red colour ; were not decomposed 
by boiling or dilution; but when they contained a large 
excess of oxide, were decomposed by the addition of chloride 
of sodium and other salts. Hausmann*, by evaporating the 
solution of iron in nitric acid to a syrup, adding half the 
volume of strong nitric acid, and leaving the solution to 
crystallise, obtained colourless prisms containing Fe^Oj. 
8 NOg -f- 12 HO. By mixing a very concentrated solution 
of this neutral salt with water till the colour became 
reddish yellow, then boiling, and adding nitric acid after 
cooling, an ochre-coloured precipitate was formed, containing 
8 FcaOg • 2 NOg -f- 3 HO. By adding a very large quantity of 
water to a highly concentrated and slightly acid solution of 
the nitrate, an ochre-coloured precipitate was sometimes 
formed, containing 36 Fe^Og-NOg -f- 48HO. By treating iron 
in excess with nitric acid, a precipitate was obtained having 
the composition 8Fe2O3.NO* -f 12H0. 

Ferric oxalate is very soluble and does not crystallise. 
It forms a double salt with oxalate of potash, of a rich green 
colour, of which the formula is 3(KO.C203) -f Fe203.3C203 
+ 6H0. The crystals effloresce in dry air. In this 
double salt, the ferric oxide may be replaced by alumina 
or oxide of chromium. This salt is formed by dissolving 
hydrated ferric oxide to saturation in bioxalate of potash 
(salt of sorrel), and crystallises readily from a concentrated 

• Ann. Oh. Fharm. Izzxiz. 100. 
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solution. The circumstance of its being the salt of sesqui- 
oxide of iron most easily obtained and preserved in a dry state 
should recommend it as a pharmaceutical preparation. 

The benzoate and succinate of ferric oande are insoluble 
precipitates. Hence the benzoate and succinate of ammonia 
are employed to separate iron from manganese. As both 
these precipitates are dissolved by acids^ the iron solution 
should be made as neutral as possible. The formula of the 
succinate is^ Fe203.S. 

Ferric acid, FeOj. — This compound^ which is analogous 
to manganic acid^ is obtained in the form of a potash-salt by 
exposing metallic iron or ferric oxide to the action of powerful 
oxidising agents. 1. A mixture of 1 part iron-filings and 
2 parts nitre is projected into a capacious crucible kept at a 
dull red heat^ and the crucible removed from the fire as soon as 
the mixture begins to deflagrate and form a white cloud ; if the 
heat is too strong^ the compound decomposes as fast as it is 
formed. The soft^ somewhat friable mass of ferrate of potash 
thus obtained^ may be taken out with an iron spoon^ and 
preserved in well stoppered bottles ; or the ferrate of potash 
may be obtained in solution by treating the fused mass with 
ice-cold water, leaving the liquid to stand to allow the un- 
dissolved ferric oxide to settle down, and then decanting ; the 
solution must not be filtered, as it is immediately decomposed 
by contact with organic matter. 2. Ferrate of potash is also 
formed by igniting ferric oxide with hydrate of potash in an 
open crucible, or with a mixture of hydrate of potash and 
nitre. 3. Chlorine gas is passed through a very strong solu- 
tion of caustic potash containing hydrated ferric oxide in 
suspension, fragments of solid potash being continually 
added in order to maintain a large excess of alkali in the 
liquid. The ferrate of potash, being almost insoluble in the 
strong alkaline liquid, is deposited in the form of a black 
powder, which may be freed from the greater part of the 

mother-liquor by drying it on a plate of porous earthenware. 

s 8 
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Ferrate of potash is a very unstable compound^ and has not 
been obtained in the crystalline form. Its solution is of a 
deep red colour^ like that of permanganate of potash. The 
acid has not been obtained in the firee state ; it appears in- 
deed to be scarcely capable of existing in that state^ decom- 
posing^ as soon as liberated^ into oxygen and ferric oxide. 
Ferrate of baryta is formed by adding a solution of ferrate of 
potash to a dilute solution of a baryta-salt; it then falls 
down as a deep carmine-coloured precipitate^ which may be 
washed and dried without changing colour. It gives off 
oxygen when heated^ and is readily decomposed by adds. 

Nitroprussic acid; Fe2Cy5(N02).H2. This acid and its 
salts were discovered by Dr. Lyon Plajrfair.* It is formed by 
the action of nitric add (or rather of nitric oxide) on hydro* 
ferrocyanic add or a ferrocyanide. The hydroferrocyanic 
add is first converted into hydroferricyanic add : 

4H2FeCy3 + NO^ = 2ll^l?eJCj^ + 2H0 -f N ; 

and afterwards^ by^the further action of the nitric oxide^ into 
nitroprussic add : 

HsFe^Cye + NO^ = Ye^Cj,{T<f0^.lP + HCy. 

Cyanogen is also evolved and oxamide deposited ; but these 
products are due to a secondary action. 

To prepare the potassium or sodium salt^ ferrocyanide of 
potassium (2 eq.) is digested in the cold with ordinary nitric 
acid (5 eq.) diluted with an equal bulk of water^ till it is 
completely dissolved ; the solution boiled till it forms with 
ferrous salts no longer a dark blue^ but a green or slate- 
coloured precipitate, and then left to crystaUise, where- 
upon it deposits a large quantity of nitre, together with 
oxamide. The strongly coloured mother-liquor is neutralised 
with carbonate of potash or soda; boiled; filtered to separate 

♦ Pha. Tram. 1840, il 477. 



NITR0PBU8SIC ACID. 55 

a green or brown precipitate ; and again left to crystallise. 
Nitrate of potash or soda then crystallises out first; and 
afterwards^ by further evaporation^ the nitroprussiate. The 
aodium^aU crystallises most readily^ forming large ruby- 
coloured prisms, which dissolve in 2^ parts of water at 60^, 
and in a smaller quantity of hot water. From the solution 
of this salt, the silver-salt may be obtained by double decom- 
position; and this, when decomposed by hydrochloric acid, 
yields nitroprussic acid. This acid crystallises in dark red, 
very deliquescent, oblique prisms, which dissolve very readily 
in water, alcohol, and ether. The aqueous solution is very 
prone to decomposition. 

The general formula of the niiropruasiates or nitroprussides 
is PajCyg ^O^M,^ : the radical (which might be called nitro^ 
ferrocyanogen) may be regarded as 2 eq. of ferrocyanc^en, 
or 1 eq. of ferricyanogen, FcjCyg, in which 1 eq. of cyanogen 
is replaced by nitric oxide, NOs* Most of them are strongly 
coloured; the ammonium, potassium, sodium, barium, stron- 
tium, calcium, and lead salts, dissolve readily in water, 
forming deep red solutions from which the salts are not 
precipitated by alcohol. The other nitroprussiates are inso- 
luble, or sparingly soluble. A solution of a nitroprussiate 
forms, with the solution of an alkaline sulphide, a splendid 
blue or purple colour, which affords an extremely delicate 
test of the presence, either of a nitroprussiate, or of an 
alkaline sulphide. 



* This formula was propoBed hj G^rhardt. Flajfair originally gare the 
formula 'Befiyy^(^0\M.^\ and subsequently {PhU. Mag, [3.] xzzvi. 300) 
suggested the simpler formula, ISefijJi^O) .Mg. Gl«rhardt's formula, however, 
agrees quite as well with the analyses of the best defined nitroprussiates as 
either of these, and is more in accordance with certain reactions; yiz., that 
nitroprussiate of sodium, exposed to sunshine, actually gives off nitric oxide \ 
and that when a solution of the barium-salt is treated with red oxide of mst* 
cwrj, part of the nitrogen is converted into nitric acid. 
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QUANTITATIVE ESTIMATION OF IRON. 

Iron is always estimated in the form of sesquioxide. If 
the solution contains protoxide, either alone or mixed with 
sesquioxide, it is first boiled with a sufficient quantity of 
nitric acid to convert the whole of the protoxide into 
sesquioxide, and then treated with ammonia in excess to 
precipitate the latter. The precipitate is collected on a 
filter, washed, dried, and ignited at a moderate red heat; 
too high a temperature expels a portion of the oxygen. 
Every 10 parts of pure sesquioxide correspond to 7 parts 
of metallic iron. In some cases, however, it is necessary to 
iise potash as the precipitant. In that case, the precipitated 
ferric oxide is very apt to carry down with it a portion 
of the potash, which is exceedingly difficult to remove by 
washing. It is best therefore, after having washed it two 
or three times .with hot water, to re-dissolve it in acid and 
precipitate by ammonia. In other cases, as when the solu- 
tion contains organic matter, the iron must be precipitated 
by sulphide of ammonium, because such substances prevent 
the precipitation of the oxide. The precipitated sulphide, 
after being washed, is then dissolved in nitric acid, and the 
iron precipitated by ammonia as before. 

Volumetric method, — The quantity of iron in a solution 
may also be estimated by reducing it all to the state of 
protoxide, either by sulphurous acid or by metallic zinc (in 
the former case the excess of sulphurous acid must be ex- 
pelled by boiling), and then adding, from a graduated burette, 
a quantity of solution of permanganate of potash, sufficient 
to convert all the protoxide of iron into sesquioxide : 

KO • Mn^Oy + lOFeO = 2MnO + KO + bFefi^. 

The liquid must contain an excess of acid, to hold the oxide 
of manganese in solution. The first portions of perman- 
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ganate added produce ho yisible effect ; but as soon as all the 
protoxide of iron is converted into sesquioxide, the addition 
of another drop of the permanganate imparts a rose tint to 
the liqnid. The value of the solution of the permanganate 
must be previously ascertained by dissolving 1 gramme of 
iron (harpsichord wire) in hydrochloric acid^ and determin- 
ing the number of divisions of the burette occupied by the 
quantity of the solution required to convert that quantity of 
iron into sesquioxide. (Margueritte^ Ann. Ch. Phya. [3], 
18,244.) 

The preceding method may also be applied to determine 
the quantities of protoxide and sesquioxide of iron in a solu- 
tion when they occur together, — viz., by first treating a 
portion of the solution, as it is, in the manner just described ; 
then taking another equal portion, reducing all the iron in 
it to protoxide by sulphurous acid, and applying the same 
method to the solution thus reduced. The first determina- 
tion gives the quantity of iron in the state of protoxide ; the 
second, the total quantity present : the difference is therefore 
the quantity in the form of sesquioxide. 

Separation of iron from the metals previously described. — 
From the alkalies and alkaline earths, iron is separated by 
ammonia, after having been brought to the state of sesqui- 
oxide. In the case of the alkaline earths, care must be 
taken to add but a slight excess of ammonia, to filter quickly, 
and exclude the air as completely as possible during the 
filtration ; otherwise the free ammonia will absorb carbonic 
acid from the air, and then throw down the earths in the form 
of carbonates, togeth&r with the ferric oxide. Should such 
precipitation occur, — which may generally be known by the 
colour of the oxide, — ^the precipitate must be re-dissolved 
and the treatment with ammonia repeated. If the solution 
contains fixed organic substances, such as sugar, tartaric 
acid, &c., the iron must be precipitated by sidphide of am- 
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monimn^ and ^he precipitate treated in the manner already 
described (p. 56.) 

From alumina and ghuAna, iron is separated by potash^ 
which precipitates the iron^ bnt holds the alumina or gludna 
in solution. The precipitate^ which always contains potash, 
must then be re-dissolved in acid, and the iron re-predpitated 
by ammonia. 

The separation of iron from zircania, yttria, and thorina, 
is effected by adding a sufficient quantity of tartaric acid to 
prevent the earths from being precipitated when the solution 
is rendered alkaUne, and throwiog down the iron by sulphide 
of ammonium. 

From magneHa and from manganous oadde, iron is most 
effectually separated by succinate or benzoate of ammonia. 
The solution, after all the iron has been brought to the state 
of sesquioxide, is mixed with a sufficient quantity of sal- 
ammoniac to hold the magnesia or manganous oxide in solu- 
tion, and very carefoUy neutralised with animoni.; it i. 
then treated with benzoate or succinate of ammonia;, which 
throws down the iron as ferric benzoate or fluccinatCj 
leaving the magnesia or manganous oxide in solution. The 
precipitate is washed and dried, and ignited in an open 
platinum crucible, so that the air may have sufficient access 
to it to prevent any reduction of the iron by the carbon of 
the organic acid. Should such reduction take place, the iron 
must be re-oxidized by nitric acid. The success of this mode 
of separation depends entirely on the care with which the 
acid in the solution is neutralised with ammonia before add- 
ing the benzoate or succinate. If too much ammonia has 
been added, manganese or magnesia goes down with the iron ; 
if too little, a portion of iron remains in solution. The 
addition of ammonia should be continued till a small quan- 
tity of ferric oxide is precipitated, and does not re-dissolve on 
agitation. The supernatant liquid has then a deep brown 
colour, the greater part of the iron being still in the solution* 
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The separation of ferric oxide £rom manganous oxide may 
also be effected hj agitating the solution with excess of car- 
bonate of lime or baryta^ which precipitates the iron but not 
the* manganese. According to J. Schiel ^, manganese may 
be separated fixnn iron by mixing the solution with acetate 
of soda and passing chlorine through it ; bioxide of manganese 
is then alone precipitated. The methods of separation given 
at page 7. serve very well for preparing a pure salt of man- 
ganese from a solution containing that metal together with 
iron^ but are not adapted for quantitative analysis. 



Aridimm f This name was giyen by Ullgren to a metal which he be- 
lieved to exist in the chrome-iron ores of Roros in Sweden, and in the 
iron ores of Oemstolso. Its characters very mnch resemble those of iron. 
It fonns two oxides analogous to those of iron, and presenting, both with 
liquid reagents and with the blowpipe, characters which might be exhibited 
bj oxides of iron containing a little chromium (vid. Chem, Qaz. 1854, 289) ; 
Bahr {Ann, Ch. Fharm. Ixxxvii. 264), endeavoured to prepare the supposed 
new metal bj UlJgren's process, and came to the conclusion that it was 
merely iron containing a little phosphorus, and perhaps also chromium. 



SECTION III. 

COBALT. 

Eg. 29-52, or 869 ; Co. 

Cobalt occurs in tbe mineral kingdom chiefly in combina- 
tion with arsenic, as arsenical cobalt, CoAs ; or with sulphur 
and arsenic, as grey cobalt ore, CoAs.CoSq^ but contaminated 
with iron, nickel, and other metals. Its name is that of the 
Kobolds or evil spirits of mines, and was applied to it by the 

• SeU. Am. J. [2], xy. 276. 
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Buperstitious miners of the middle ages^ who were often de- 
ceived by the favourable appearance of its ores. These remained 
without value^ till the middle of the sixteenth century^ when 
they were first applied to colour glass blue. They are now 
consumed in great quantity for the blue colours of porcelain 
and stoneware. Cobalt is likewise found in almost all meteoric 
stones. 

To obtain metallic cobalt^ the native arsenide is repeatedly 
roasted^ by which the greater part of the arsenic is converted 
into arsenious acid^ and carried off in vapour^ while the impure 
oxide of cobalt^ known as zaffre, remains. This is dissolved 
in hydrochloric acid^ and the remaining arsenic precipitated 
as sulphide^ by passing a stream of sulphuretted hydrogen 
through the solution. To get rid of the iron present, the last 
solution, after filtration, is boiled with a little nitric acid, to 
peroxidise that metal ; and carbonate of potash is added in 
excess, which throws down carbonate of cobalt and sesquioxide 
of iron. The precipitate is treated with oxalic acid, which 
forms an insoluble oxalate of cobalt and soluble ferric oxalate. 
The oxalate of cobalt is dried and decomposed by ignition in 
a covered crucible, when the oxide is reduced by the carbon 
of the acid, which goes off as carbonic acid, while the metallic 
cobalt remains as a black powder. * To separate cobalt from 
nickel, with which it is almost always associated, the mixed 
oxalates of cobalt and nickel, obtained by the preceding pro- 
cess, are dissolved in ammonia, after which the liquid is diluted 
and exposed to the air in a shallow basin for several days. The 
ammonia evaporates, and the salt of nickel precipitates as a 
green powder, while the salt of cobalt remains in solution. 
The liquid is then decanted, and if no additional precipitate 
subsides from it in twenty-four hours, it is &ee from nickel, 
and may be evaporated to dryness. The precipitate of nickel 
contains a little cobalt.* 

Cobalt is a brittle metal, of a reddish grey colour, some- 

* For other methods of aeparating nickel and cobalt, aee Nickth 
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what more fusible than iron^ and of the density 8*5131 
(Berzelius). Rammelsberg^ in five experiments with cobalt 
reduced by hydrogen, found the specific gravity to vary fipom 
8*132 to 9*495 ; the mean is 8*957. Pure cobalt is mag- 
netic, but a minute quantity of arsenic causes it to lose that 
property. 

Cobalt is less oxidable in the air or by acids than iron, dis- 
solving slowly in diluted hydrochloric or sulphuric acid, when 
heated, with evolution of hydrogen ; but it is readily oxidised 
by nitric acid. This metal forms a protoxide and sesqui- 
oxide, CoO and C02O3, corresponding with the oxides of 
iron, and three intermediate oxides, viz., CogO^sCoO.CojOj; 
CogOy = 4C0O.C02O3 ; and CogOg = 6C0O.C02O3. According 
to Fremy, the first of these, viz., C03O4 is a salifiable base com- 
bining directly with acetic acid, and existing in several am- 
monio-salts of cobalt. Fremy has also obtained compound salts 
of this nature containing a bioxide of cobalt C0O2 

Protoande of cobalt, Cobaltous oxide, CoO, 37*52 or 469. — 
Prepared by the ignition of the carbonate. This oxide is a 
powder of an ash-grey colour. It colours glass blue, even 
when in minute quantity, no other colouring matter having 
so much intensity. Smalt blue is a pounded potash-glass 
containing cobalt. All ' compounds of cobalt, when heated 
with borax or phosphorus-salt, either in the inner or in the 
outer blowpipe-flame, impart a splendid blue colour to the 
bead. This coloration affords an extremely delicate test for 
cobalt. 

The salts of protoxide of cobalt have a reddish colour in 
solution. Potash or soda added to these solutions forms a 
blue precipitate of the hydrated oxide, insoluble in excess of 
the reagent. Ammonia also forms a blue precipitate, which 
dissolves in excess of ammonia, yielding a red-brown solution. 
If the cobalt solution contains a large quantity of free acid 
or of an ammoniacal salt, no precipitate is formed by ammonia. 
Alkaline carbonates precipitate a pink carbonate of cobalt. 
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soluble in carbonate of ammoma. Hydrosulpkuric acid does 
not precipitate a solution of cobalt containing either of the 
stronger acids ; but in a solution of acetate of cobalt, or of 
any cobalt-salt mixed with acetate of ammonia, it forms a 
black precipitate of protosulphide of cobalt. Alkaline sul" 
jphides throw down the same precipitate from all solutions of 
protoxide of cobalt. 

Oxide of cobalt appears to combine with alkalies and earths 
as weU as with acids. It dissolves in fused potash, and imparts 
a blue colour to the compound. Magnesia mixed with a drop 
of nitrate of cobalt, and then dried and ignited, assumes a 
feeble but characteristic rose tint. A compomid of oxide of 
cobalt with alumina is obtained by mixing the solution of a 
salt of cobalt, which must be perfectly free from iron or nickel, 
with a solution of equally pure alum, precipitating the liquor 
by an alkaline carbonate, washing the precipitate with care, 
then drying and igniting it strongly. It forms a beautifdl blue 
pigment, known as cobalt-blue, which may be compared in 
purity of tint with ultramarine. A compound of oxide ol 
cobalt with oxide of 2dnc of a fine green colour may be prepared 
in a similar manner. These coloured compounds often afford 
useful confirmatory tests of the presence of zinc, alumina, or 
magnesia. The substance to be examined is placed on pla- 
tinum foil, moistened with nitrate of cobalt, then dried, and 
strongly heated in the blowpipe-flame. 

Chloride of cobalt, Co CI, is obtained by dissolving zaffire or 
the oxide in hydrochloric acid. Its solution is pink-red, and 
affords hydrated crystals of the same colour ; but when highly 
concentrated, assumes an intense blue colour, and then affords 
blue crystals of chloride of cobalt, which are anhydrous 
(Proust). The red solution is used as a sympathetic ink; 
characters written with it on paper are colourless and invisiUcj 
or nearly so, but when the paper is warmed by holding it near 
a fire or against a stove, the writing becomes visible and 
appears of a beautiful blue. After a while, as the salt absorbs 
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moifiture, the colour again disappears^ but may be reproduced 
by the action of heat. If the paper be exposed to too high a 
temperature^ the writing becomes blacky and does not after- 
wards disappear. The addition of a salt of nickel to the sym- 
pathetic ink gives a green instead of blue. 

The neutral carbonate of cobalt is unknown^ oxide of cobalt^ 
Kke magnesia^ being thrown down from its solutions by alka- 
line carbonates^ as a carbonate with excess of oxide. The sub- 
carbonate of cobalt is a pale red powder^ which contains, 
according to Setterberger, 2 eq. of carbonic add, 5 eq. of 
oxide of cobalt, and 4 eq. of water. 

Besides the sulphate of cobalt corresponding with green 
vitriol, another salt was crystallised by Mitscherlich between 
68* and 86**, containing 6 eq. of water, CoO.S03 4-6HO, iso- 
morphous with a corresponding sulphate of magnesia. Sulphate 
of cobalt forms the usual double salts with the sulphates of 
potash and ammonia, containing 6HO. 

Nitrate of cobalt, C0O.NO5 — is obtained by dissolving the 
metal, the protoxide, or the carbonate in dilute nitric acid. 
Its solution is carmine-coloured, and on evaporation yields 
red crystals containing 6 eq. of water ; they deliquesce in the 
air, fuse below 100^, and at a higher temperature give oflf 
water and melt into a violet-red liquid, which afterwards 
becomes green and thick, and is ultimately converted, with 
violent intumescence and evolution of nitrous fumes, into black 
sesquioxide of cobalt. Characters written on paper with a solu- 
tion of this salt assume a peach-blossom colour when heated. 

A sexbasic nitrate, 6C0O.NO5 + 5 Aq., is obtained on adding 
excess of ammonia to a well boiled solution of the neutral 
nitrate, carefully protected from the air. It then falls down 
as a blue precipitate, but on the slightest access of air quickly 
assumes a grass-green colour and partly redissolves in the 
liquid. 

Cobalt-yellow, CoO.KO.N^Oq. — This compound is formed 
by adding a solution of nitrite of potash (obtained by passing 
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the nitrous fumes evolved from a heated mixture of nitric acid 
and starch into caustic potash) to an acid solution of nitrate 
of cobalt; nitric oxide and nitrate of potash are then formed^ 
and the cobalt-compound separates in the form of a beautiful 
yellow crystalline powder : 

C0O.NO5 + 2NO5 + 4(K0.N03) = 3(KO.N05) + 2N0j, + 

N2O8.C0O.KO. 

It is likewise obtained by adding potash, not in excess^ to 
solution of nitrate of cobalt^ so as to precipitate a blue basic 
salt^ treating this with a slight excess of nitrite of potash^ and 
adding nitric acid in a thin stream^ by means of a pipette. 
Also by treating nitrate of cobalt with a slight excess of 
potash^ so as to throw down the rose-coloured hydrated oxide^ 
and passing nitric oxide gas into the mixture. This last reac- 
tion is so rapid that it may be exhibited as a lecture-experi- 
ment. The compound crystallises in microscopic four-sided 
prisms with pyramidal summits. It is insoluble in cold 
water^ also in alcohol and ether^ but when boiled with water 
gradually dissolves with evolution of acid vapours ; the solu- 
tion yields on evaporation a lemon-yellow salt of different 
composition. Nitric acid and hydrochloric acid do not act 
upon it in the cold^ but decompose it at a boiling heat, with 
evolution of nitrous fumes. Hydrosulphuric acid decom- 
poses it very slowly, sulphide of ammonium immediately^ 
forming black sulphide of cobalt. When heated, it assumes 
an orange-yellow colour, gives off water and afterwards fumes 
of nitric and hyponitric acids, and leaves sesquioxide of cobalt 
mixed with nitrite of potash. Its beautiful colour, its perma- 
nence, and the facility with which it mixes with other colours, 
render it well Eidapted for artistic purposes.* 

According to A. Stromeyerf, this salt ib a nitrite of 00- 



• St. EvT©, Ann. Ch. Phyg. [3], xxxYiiL 177. 
t Ann. Ch. PhAim. xcyi. 218. 
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baltic oxide and potash, Co203.2N03+8(KO.N03), and its 
formation may be represented by the equation, 

2(CoO.S03) + 5(KO.N03)-fO=[Co203.2N03+3(KO.N03)] 

-f2(KO.S03). 

When a solution of lead is mixed with nitrite of potash and 
acetic acid, the liquid assumes a yellow colour, but no precipi- 
tation takes place; but on adding a cobalt-salt, a yellowish 
green precipitate (or brownish black and crystalline from dilute 
solutions) is formed, whose composition is that of the yellow 
cobalt-compound with half the potash replaced by oxide of 
lead (Stromeyer). 

Phosphate of cobalt, 2CoO.HO.PO5, is an insoluble preci- 
pitate of a deep violet colour. When 2 parts of this phosphate 
or 1 part of the arseniate of cobalt are carefully mixed with 
16 parte of alumina and strongly ignited for a considerable 
time, a beautiful blue pigment is obtained, resembling ultra- 
marine j it was discoTcred by Th^nard. 

Arseniate of cobalt, 3C0O.A8O5 + 8H0, exists as a crystal- 
line mineral called cobaU-bloom. 

Sesquiomde of cobalt, Cobaltic oande, C03O3, is formed when 
chlorine is transmitted through water in which the hydrated 
protoxide is suspended, or when a salt of theprotoxide is precipi- 
tated by a solution of chloride of lime. In the former case, water 
is decomposed by the chlorine, and hydrochloric acid produced, 
while the oxygen of the water peroxidises the cobalt ; 

2CoO + HO + CI = C02O3 -h HCl. 

The sesquioxide of cobalt is precipitated as a black hydrate, 
containing 2H0. This hydrate, when cautiously heated tc 
600° or 700°, yields the black anhydrous oxide. When sesqui- 
oxide of cobalt is digested in hydrochloric acid, chlorine is 
evolved, and the protochloride formed. Exposed to a low 
red heat, the sesquioxide loses oxygen, and the compound 
oxide, C0O.C02O3, is produced. (Hess.) When protoxide of 

VOL. II. • F 
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cobalt is caldned with a borax glaBs^ at a moderate heat, it 
absorbs oxygen, and a black mass is obtained, which mixed with 
manganic oxide, serves as a black colour in enamel painting. 

Sesquioxide of cobalt acts as a weak base. Phosphoric, sul- 
phuric, nitric, and hydrochloric acids dissolve its hydrate in 
the cold, without decomposition at first, but the resulting salts 
are afterwards reduced to salts of the protoxide. A protosalt 
of cobalt containing a small quantity of a sesqxusalt is some- 
what deepened in colour. The most permanent of the sesqui- 
salts is the acetate; the hydrated sesquioxide while yet moist 
dissolves in acetic acid, slowly but completely. The solution, 
which has an intense brown colour, forms a brown precipitate 
with alkalies and alkaline carbonates. With ferrocyanide of 
potassium it forms a dark precipitate, which, if the precipitant 
is in excess, gives up cyanogen to it, converting it into fern- 
cyanide of potassium and being itself converted into green 
ferrocyanide of cobalt. Alkaline oxalates colour the solution 
yellow, forming an oxalate of the oxide C03O4. 

According to Premy, the oxide C03O4 combines also with 
other acids. The acetate of this oxide is obtained by digesting 
in dilute acetic acid the hydrated oxide obtained by continued 
action of oxygen on the blue precipitate thrown down from 
ordinary cobalt-salts by potash not in excess. Fremy also 
states that when chlorine is passed into the solution of ordi- 
nary acetate of cobalt, a brownish yeUow salt is formed con- 
taining the base C03CIO3, or C03O4 in which 1 eq. of O is 
replaced by CI. This chlorine base exists also in some of the 
amraonio .compoimdfl of cobalt (pp. 68-72) . The oxide C03O4 is 
obtained in the free state by heating the nitrate or oxalate of 
cobalt, or the hydrated sesquioxide to redness in contact with 
the air (Hess, Bammelsberg) ; but according to Beetz and 
Winkelblech, the oxide thus obtained is CogOy. When the 
residue obtained by gently igniting the oxalate in contact 
with the air is digested in strong boiling hydrochloric acid, 
the oxide C03O4 remains in hard, brittle, greyish-black micro- 
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scopic ociohedfOns having a metallic lustre. The same crys- 
talline compouad is obtained by igniting dry protochloride 
of cobalt, alone or mixed with sal-ammoniac^ in dry air or 
oxygen gas (Schwarzenberg). 

A cobiUtic acid, CojOg^ is obtained in combination with 
potash by strongly igniting the oxide €0,04^ or the protoxide^ 
or the carbonate^ with pure hydrate of potash. A crystalline 
salt is then formed which^ when dried at 100^ C, contains 
KO.8C03O5 + 3HO, and gives of 1 eq. of water at 180° 
(Schwarzenba*g) . 

Biaxide of cobalt, CoO^, has not been obtained in the firee 
state^ but exists according to Fremy in the oxycobaltiac salts, 
(p. 68.) 

There exist three sulphides of cobalt, a protosulphide^ sesqui- 
Bulphide^ and bisulphide. 

Sesquicyanide of cobalt had not been obtained in the sepa- 
rate state^ but it exists in a class of double cyanides^ of which 
the radical is cobalticyanogen^ Cy^Co^y analogous to ferri- 
cyanogen. The cobalticyanide of potassium^ corresponding 
with the red prussiate of potash^ is formed when protoxide of 
cobalt or its carbonate is dissolved in caustic potash which 
has been treated with an excess of hydrocyanic add. It is 
an anhydrous salt^ pale yellow and nearly colourless when 
pure^ and of the same form as the ferricyanide of potassium. 
Its solution does not affect the salts of iron^ but forms a rose- 
coloured precipitate with those of the protoxide of cobalt.* 

A phosphide of cobalt, C03P; was obtained by Bose^ as a 
grey powder, on passing hydrogen over the subphosphate of 
cobalt ignited in a porcelain tube. It is also produced by 
the action of phosphuretted hydrogen on the chloride of 
cobalt, and may be looked upon as analogous in composition 
to the former compound, H3P. 

• For farther details on the cobalticyanides, vide Gmelin's Handbook (trang- 
htion), Tii. 492-497. 

P 2 
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Ammoniaciil salts of cobalt. — Cobalt^salts treated with 
excess of ammonia in a vessel from which the air is exduded, 
nnite with the ammonia, forming oomponnds to which Fremy 
gives the name of ammonto-cobaU salts. Most of them con- 
tain 3 eq. ammonia to 1 eq. of the cobalt-salt ; thus the chloride 
contains C0CI.8NH3 + HO : the nitrate C0O.N06.3NH3+ 
2HO. They are mostly crystallisable and of a rose-colour^ 
soluble without decomposition in ammonia^ but decomposed by 
water with separation of a basic salt. (Fremy.) H. Rose, by 
treating dry chloride of cobalt with ammoniacal gas^ obtained 
the compound C0CL2NH3 ; and similarly an anhydrous sul- 
phate containing C0O.SO3.3NH3. 

When an ammoniacal solution of a cobalt salt is exposed to 
the air^ oxygen is absorbed^ the liquid turns brown, and new 
salts are formed containing a higher oxide of cobalt (C02O3 or 
CO2), and therefore designated generally 2Aperoxid%sed ammo- 
niO'Cobalt salts. Several of these salts containing different 
bases are often formed at the same time. Fremy* distinguishes 
four classes of these compounds, viz., salts of oxycobaUia, 
luteocobaltia, fitscocobaltia, and roseocobaUia. 

The oxycobaUia^aUs are formed by the action of the air 
on concentrated solutions of ammonio-cobalt salts. They have 
generally an olive colour, are sparingly soluble in the am- 
moniacal liquid, and are decomposed by water, especially 
when hot, with evolution of pure oxygen, liberation of am- 
monia, and separation of a green basic salt containing cobal- 
toso-cobaltic oxide 00304. They contain 5 eq. of ammonia 
associated with 2 eq. of a monobasic salt of bi-oxide of cobalt, 
C0O2; thus the nitrate is composed of 2(Co02.N05).5NH3. 
The nitrate and sulphate crystallise in small prisms contain- 
ing water of crystallisation (Fremy). 

The hUeocobcUtia-salts are formed: 1. By the action of 
the air on dilute solutions of ammonio-cobalt salts ; 2. By the 
action of a small quantity of water on crystallised oxycobal- 

• Ann. Ch. Phya., [8], xxxy. 257. ; Chem. Gaa. 1863, 201. 
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tia*8alt8 ; 8» By treating the brown solution, formed by the 
action of oxygen in excess on ammonio-cobalt salts, with di- 
lute acids; 4. By treating roseocobaltia-salts with excess of 
ammonia. These salts are of a fine yellow colour, crystallise 
readily, are tolerably permanent, and resist for some time 
the action of boiling water. They give no precipitates with 
alkaline phosphates or carbonates at ordinary temperatures, 
but are decomposed by boiling potash, with evolution of am- 
monia and separation of Co^OgHO. Dilute adds precipitate 
them from their aqueous solution in the crystalline state. 
They contain 1 eq. of a sesquisalt of cobalt, associated with 
6eq. of ammonia; thus, the sulphate = (Co203.8S03).6NH3 ; 
the chloride = C03CI3.6NH3. (Fremy.) This last salt was 
previously obtained by Rogojski*, who regarded it as the 
hydrochlorate of dicobaUinamine ClH.NjHgCO [co = f Co] . 
He likewise obtained the other salts of the same base by 
double decomposition. 

Puscocobattia'SaUs are formed when an ammoniacal solu- 
tion of a protosalt of cobalt is exposed to the air, and by the 
action of water on the oxycobaltia-salts. They are all un- 
crystallisable, but may be obtained in the solid state by pre- 
cipitation with alcohol or excess of ammonia. They are slowly 
decomposed by boiling with water, but quickly on the addition 
of an alkali, with evolution of ammonia, and precipitation of 
hydrated sesquioxide of cobalt. They are of a brown colour, 
and appear to contain basic salts of sesquioxide of cobalt, united 
with 4 or 5 eq. of ammonia. The nitrate contains C02O3. 
2NO5.4NH3.8HO. 

Ammonio-chloride of cobalt, after exposure to the air, 
yields by evaporation in vacuo, an uncrystallisable residue 
having the characters of the fuscocobaltia-salts, but contain- 
ing a chlorine-base ; its formula is Co3C]^0.4NH3.8HO. By 
exposing the solution of the ammonio-chloride to the air for 

* J. pr. Chem. ItL 491. 
V 3 
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two or three weeks^ and then boiling with Bal-ammoniac^ 
roseocobaltiacal chloride separates ont first, and afterwards a 
black crystalline compound containing C03CIO3.NH3 + 5HO. 

The raseocobaltiasalts are obtained : 1. By slightly acidn- 
lating the solution of an ammonio-cobalt salt, which has been 
exposed to the air ; 2. By boiling the solution of an ammonio- 
cobalt salt, which has been exposed to the air for two or three 
days, and contains a fuscocobaltia-salt, with a salt of ammonia; 
3. By mixing oxyoobaltia-salts with boiling solutions of am- 
moniacal salts. They have a fine red or rose colour, and some 
of them crystallise readily. Their reactions are similar to 
those of the luteocobaltia-salts. The nitrate and the neutral 
sulphate contain 3 eq. of C02O3.3NO5, or C02O3.3SO3, with 
5 eq. ammonia. There is also an acid sulphate containing 
(Co203.5S03)5NH3+5HO, obtained by adding sulphuric acid 
in excess to an ammoniacal solution of sulphate of cobalt which 
has stood for some days in contact with the air. Baryta-water 
added to the solution of the sulphate, throws down roseocobalti- 
acal oxide, which is rose-coloured, has a strong alkaline reaction, 
and decomposes on boiling, giving off ammonia and depositing 
C02O3. The chloride, Co^Clj.SNHg.HO, is obtained by boiling 
the ammonio-chloride of cobalt^ or the chlorine-compound 
Co2Cl,0.4NH3 (p. 69.), or a salt of oxycobaltia, with chlo- 
ride of ammonium (Fremy). 

Oenth * and F. Claudetf have also described a compound 
which appears to be the same as Fremy's hydrochlorate of 
]X)seocobaltia, although each assigns to it a different formula. 
When sulphate or chloride of cobalt is mixed with a large 
quantity of chloride of ammonium and an excess of ammonia, 
ejcposed for some time to the air, and then boiled with excess 
of hydrochloric acid, a crimson powder gradually separates, 
oxygen is evolved, and the liquid becomes colourless. This 
compound dissolves in 244 parts of cold water, and in a smaller 

• Ann. Oi. Fharm. Ixxx. 276. ; Chem. 0«x. 1851, 266. 
t Pliil. Mag. [4], ii. 253. ; Chem. Soc. Qu. J. iv. 355. 
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quantity of boiling water^ but is decomposed by continued 
boiling, unless hydrochloric acid be added; in that case a solu- 
tion is> obtained, from "which the compound crystallises on 
cooling in ruby-coloured regular octohedrons. Genth assigns 
to this compound the formula C09O3.3NH4CI, regarding it as 
the chloride of a conjugated radical Co^Og.SNH^. Claudet 
finds it to contain 3C1, 2Co, 5N and 16H, and expressesits com- 
position by one of the following formula : — 

8NH,OI+2NH.Co; Cl|^^4 *^ { £ } *«^ ( NhJ 

According to the two latter formulae, the compound is sup- 
posed to contain ammonium in which part of the hydrogen is 
replaced by NH4. It nugkt also be regarded as the hydro- 
chlorate ofpentacobaltosamine NgHjjCo^.dHCl, the base being 
formed of 5 eq. of ammonia in which 2 eq. of hydrogen are 
replaced by cobalt. Gregory* assigns to it the formula 
C02CI3 . 5NH3, making it identical with Fremy's roseoco- 
baltiacal chloride. 

The compound heated in a glass tube gives off ammonia 
and sal-ammoniac, and leaves CoCl. When the aqueous solu- 
tion is boiled, ammonia is evolved, and a precipitate formed 
probably consisting of C03O4.3HO, combined with nitride of 
cobalt. The chlorine compound treated with recently preci- 
pitated oxide of silver, yields the oxygen-compound of the same 
radical; and by double decomposition with various silver- salts, 
the other salts of the base. 

The ammonia in all these compounds is in a peculiar state, 
not exhibiting its usual basic properties, or being recognisable 
by the usual reagents or replaceable by other bases. Glaus 
attributes this circumstance to the ammonia being in a passive 
state, which is merely another way of expressing the fact, but 

• Ann. Ch. Pharm. Ixxxvii. 125. 
F 4 
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affords no esqplanation. Weltzien Bupposefi the compoimda in 
question to contain compound ammonimn-molecnles, in which 
1 or 2 at. hydrogen are replaced by ammonium itself (an 
idea first suggested by Mr. Oraham)^ viz.^ ammO'CobaUammo^ 

■_ __^_^_ • 
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nium NH^AmCO; and biammO'CobaUammoniufn NHAm^Co 
[the symbol Am standing for NH4]. Thus the ammoniO' 
cobalt salts, containing 2NH39 may be regarded as neutral 
salts of ammo-cobaltammonium, and those which contain 
8NH3 as neutral salts of biammo-cobaltammonium : thus — 



C0CI.2NH3 = NH2AmCo.Cl; and 
CoBr.SNHa = NHAnLjCo.Br. 

The fuscocobaltia-salts may be regarded as basic salts of 
the sesquioxide of ammo-cobaltammonium^ e.ff. — 



C03O3.2NO5.4NH3 = (NH2AmCo)203.2N05. 

The luteocobaltia-B^ts, as neutral salts of the sesquioxide 
of biammo-oobaltammonium, e. g.— 



CoaO3.8NO5.6NH3 = (NHAm2Co)203-8N06 ; 

The roseocobaltia-^ia as neutral sesquisalts containing 
1 at. of each of the above-mentioned ammoniums, thus — 



Co,Cl3.5NH3 =NIM^ 



NHAm^Co 



.CI3 ; 



And the oxycobaltia^alts as basic salts of the same two 
ammonium-molecules, e. g, — 



2CoO,.2S03.5NH3 = NH^AmCo 

NHAm«Co j 



O4.2SO3. 



ESTIMATION OT COBALT. 73 



ESTIMATION OF COBALT^ AND METHODS OF 8EFABATINO IT FBOM 

THE PRECEDING METALS. 

Cobalt is generally precipitated £romits solutions by caustic 
potash. The precipitate is bluish^ and consists of a basic salt^ 
which^ however^ when heated, is converted into the hydrated 
protoxide of a dingy rose colour. It must then be wafihed in 
hot water, dried and ignited in an atmosphere of hydrogen, 
by which it is reduced to the metallic state, after which it is 
weighed. According to Beetz*, the reduction to the metallic 
state may be dispensed with, an accurate result being obtained 
by igniting the precipitated oxide till it no longer yaries in 
weight, its composition bemg then 4C0.C02O3 or CogO^ ; but 
the reduction by hydrogen is perhaps the surer method. 

Cobalt is separated from the alkalies and alkaline earths by 
sulphide of ammonium, the black sulphide of cobalt being 
then dissolred in nitro-hydrocUoric add, and the oxide preci- 
pitated by potash as above. 

From magnesia it may also be separated by sulphide of 
ammonium, sufficient chloride of ammonium being added to 
hold the magnesia in solution. 

From alumina and glucina it is separated by potash. 

The separation of cobalt from manganese is difficult. It is 
best effected by heating the mixed oxides in hydrochloric add 
gas, which converts them into chlorides, and then heatmg the 
chlorides in a stream of hydrogen, which reduces the cobalt 
to the metallic state, but leaves the chloride of manganese 
undecomposed; the latter is then dissolved out by water. 
Another mode of separation is to digest the mixed oxides in a 
solution of peutasulphide of calcium, which dissolves the 
sulphide of cobalt, but leaves the sulphide of manganese un- 
di88olved.t 

Cobalt is separated from iron in the same maimer as man- 

* Fogg. Ann. Izi. 472. f Qoex, J. Pbann. [3.] tu. 157. 
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ganese (p. 58.), viz. by bringing the iron to the state of 
sesqnioxide, then adding chloride of ammonium, neutralising 
with ammonia, and precipitating the iron by succinate of 
ammonia. 



SECTION IV. 

NICKEL. 

Eq. 29-57 or 369'6. 

This metal resembles iron and cobalt more than any others, 
and is associated with these metals in meteorites, and in most 
of the terrestrial minerals which contain it. The principal 
ore of nickel is arsenical nickel, a mineral having the colour 
of metallic copper, to which the German miners, having 
attempted in vain to extract copper from it, gave the name 
kupfer-nickely or false copper. This mineral was foimd by 
Cronstedt of Sweden, in 1751, to contain a particular metal, 
which he called nickel. Nickel imparts a remarkable white- 
ness to the metallic alloys which contain it, on which account 
it has come of late to be valued in the arts, being added to 
brass to form the well-known imitations of silver. 

The metal is prepared £rom the native arsenide, or from an 
artificial arsenide called speiss, which contains about 54 per 
cent of nickel, and has been observed by Wohler to occur in 
octohedrons with a square base, having the composition Ni3As. 
Speiss is a metallic substance which collects at the bottom of 
the crucibles in which smalt or cobalt-blue is prepared. In 
that operation, a mixture of quartzy sand, potashes, and the 
roasted ore of cobalt is fused. The previous roasting never 
being perfect, a part of the metals escapes oxidation ; and 
hence when the mixture described is fused, the cobalt, which 
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is more oxidable than nickel and copper^ reacts upon the 
oxides of these metals^ and reduces them^ while it is itself 
oxidated : the nickel and copper concentrate in the speiss^ 
while the smalt contains scarcely any of them. A salt of 
nickel may be obtained by treating speiss in fine powder with 
an equal weight of sulphuric add, diluted with four or five times 
its bulk of water^ and gradually adding an equal weight of 
nitric acid^ which occasions the oxidation of both the nickel 
and the arsenic. The green solution thus obtained^ when 
cooled and allowed to stand for twenty-four honrs^ deposits 
much arsenious acid^ from which it may be separated by filtra- 
tion. A quantity of carbonate of potash^ equal to half the 
weight of the speiss^ is then added to the solution, which is 
concentrated and set aside to crystaUise. The double sulphate 
of nickel and potash, NiCSOg + KO.SO3 + 6H0, forms easily, 
and may be obtained £ree from arsenic by a second crystallisa- 
tion. (Dr. Thomson.) The perfect separation of small quan- 
tities of cobalt and copper, which these crystals may still 
contain, requires additional processes.'*' With the view of ob- 
taining the metal, the insoluble oxalate of nickel may be preci- 
pitated from the preceding salt by oxalate of ammonia, washed, 
dried, and ignited gently in a covered crucible. The oxalic acid 
reduces the oxide of nickel, and the metal remains in a spongy 
state. It iB pyrophoric, like manganese and iron prepared in the 
same manner, if the temperature of reduction has been low. To 
obtain the metal in a solid mass, it should be fused in a crucible 
<y)vered with pounded glass. The oxide of nickel is very easily 
reduced both by carbonic oxide and by hydrogen. 

Nickel, when free from cobalt, is silver- white, unalterable 
in air, and highly ductile. Its density, according to Richter, 
is 8*279, and after being forged 8*666. Nickel is magnetic 
nearly to the same extent as iron. Magnets composed of this 
metal lose their polarity at 630° (Faraday). It is somewhat 
more fusible than iron. Nickel forms two oxides correspond- 

* Berzelius, Trnito, tern. i. p. 486. ; see also pp. 78 — 80. of this Tolume. 
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ing with the protoxide and sesquiozide of iron ; but the double 
compound of the two oxides of nickel^ corresponding with the 
black oxide of iron^ has not been observed. 

Protoxide of nickel,'NiO,S7'67, or 469*6^ may be obtained 
by the ignition of the carbonate or nitrate of nickel^ or by pre- 
cipitation from its salts by an alkali^ as a dark ash-coloured 
powder, or as a bulky hydrate of an apple-green colour, NiO 
HO. Oxide of nickel is yery soluble in acids, but not in pot- 
ash or soda. Ammonia dissolves it, and forms an azure-blue 
solution, from which oxide of nickel is precipitated by potash, 
baryta, and strontia, having a considerable tendency to com- 
bine with salifiable bases. The solutions of its salts have all a 
green colour, much more intense than that of the ferrous salts. 
They are not precipitated by hydrosulphuric acid when a 
strong acid is present, but afford a black sulphide with alka- 
line sulphides. Carbonate of nickel is of a pale green-colour 
and soluble in carbonate of ammonia. 

Peroxide or seaqmoxide of nickel, Ni^Os, is obtained as a 
black powder, by exposing the hydrated protoxide suspended 
in water to a stream of chlorine gas. It does not combine with 
acids, and in other respects resembles sesquioxide of cobalt. 

Besides a protosulphide, NiS, a substUphide of nickel, Ni^S, 
is formed, like that of manganese, by decomposing the ignited 
sulphate of nickel with hydrogen. A bistdphide of nickel also 
exists in combination as a constituent of the mineral nickel- 
glance, NiSj.NiAs. 

Chloride of nickel NiCl, forms a solution of an emerald- 
green colour, and yields by evaporation a hydrated salt of the 
same colour, which becomes yellow when deprived of its water 
of crystallisation. Chloride of nickel, sublimed at a high tem- 
perature without access of air, forms golden scales which 
dissolve with difficulty. 

Sulphate of nickel crystallises from a strong solution in slen- 
der green prisms, isomorphous with Epsom salt, of which the 
composition is NiO.SOj + 7H0. At a higher temperature, it 
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crystallises with 6 eq. of water NiO.SOs + GHO^ like the 
magnesia and cobalt salts, and in the same form. Mitscher- 
lich made the smgular observation, that when the crystals 
containing 7 eq. of water are exposed, in a close glass vessel, 
to a day of snnshine, or kept for some time in a temperate 
place, they change their form, becoming a mass of small crys- 
tals, of which the form is the regular octohedron. The original 
crystals become opaqne from this change, but lose none of 
their combined water. Sulphate of nickel forms the usual 
double salts with the sulphates of potash and ammonia. 

Nickel also forms ammonio -compounds analogous to 
the ammonio-cobalt salts; e. g. the ammoniO'Chloride =: 

8NH,.Nia = NHAm2Ni.Cl ; ammanio-sulphate = 3NH,. 

NiS04 = NHAmjNi.SO^, &c. 

The useful white alloy of nickel, German silver or packfong, 
is formed by fusing together 100 parts of copper, 60 of zinc, 
and 40 of nickel. 

SSTIMATION OF NICKEL, AND METHODS OF SEPAAATINO IT FSOM 

THE P&ECEDINO METALS. 

Nickel isbest precipitated from its solutions by caustic potash 
which throws down an apple-green precipitate of the hydrated 
protoxide, and if the liquid be heated, leaves not a trace of nickel 
in the solution. The precipitate must be washed with hot 
water, dried, ignited, and weighed ; it then consists of pure 
protoxide of nickel, containing 78*57 per cent of the metal. 

In separating nickel from other metals, it is often necessary 
to precipitate it by sulphide of ammonium ; this precipitation 
is attended with difficulties, because the sulphide of nickel is 
somewhat soluble in the alkaline sulphide. To make the pre- 
cipitation as complete as possible. Rose directs that the solu- 
tion be diluted with a considerable quantity of water, and then 
treated with sulphide of ammonium, as nearly colourless as it 
can be obtained, avoiding a large excess of the precipitant and 
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likewise an excess of ammonia; the glass is then to be coTered 
np with filtering paper^ and left in a warm place. Under these 
drcamstances^ the excess of sulphide of ammonium is decom- 
posed by the oxygen and carbonic acid of the air, without risk 
of the sulphide of nickel being oxidised. As soon as the super- 
natant liquid has lost its brown colour, the precipitate is col- 
lected on a filter and washed, as quickly as possible, with 
water containing a little sulphide of ammonium. It must then 
be dissolved in nitro-hydrochloric acid, and the nickel preci- 
pitated by potash as above. 

The methods of separating nickel from all the preceding 
metals except cobalt, are the same as those given for cobalt 
(p. 73.). 

Theseparation of nickel from cobalt itself is difficult. The beat 
method is perhaps that given by H. Rose*, depending on the 
fact that protoxide of cobalt in solution is converted by chlo- 
rine into sesquioxide, whereas with nickel this change does 
not take place. The metals or their oxides being dissolved in 
excess of hydrochloric acid, the solution is diluted with a lai^ 
quantity of water, about a pound of water to a gramme of the 
metals or their oxides. Chlorine gas is then passed through 
the solution for several hours, till in fact the space above the 
liquid becomes permanently filled with the gas ; carbonate of 
baiyta is then added in excess, the whole left to stand for 12 or 
18 hours, and shaken up from time to time. The precipitate, 
consisting of sesquioxide of cobalt and carbonate of baryta, is 
then collected on a filter, and washed with cold water. The 
filtered liquid, which has a pure green colour, contains all the 
nickel without a trace of cobalt. The precipitate is boiled 
with hydrochloric acid to convert the sesquioxide of cobalt into 
protoxide, and dissolve it together with the baryta ; the latter 
is then precipitated by sulphuric acid, and the cobalt from the 
filtrate by potash. The nickel is also precipitated by potash 
after the removal of any baryta that the solution may contain 

• Uundbiifh flor AimlyH^cliDn Clicmio (Borlin, 1851), ii. 16i. 
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by Bulplmric acid. This method^ if properly executed, gives 
Very exact results. The chief precautions to be attended to, 
are to add a lai^e excess of chlorine, and not to filter too soon, 
because the precipitation of sesquioxide of cobalt by carbonate 
of baryta takes a long time. 

Liebig has given several methods of separating these two 
metals, founded on the difference of their reactions with 
cyanide of potassium. 1. The^)xides of the two metals are 
treated with hydrocyanic acid and then with potash, and the 
liquid warmed till the whole is dissolved (pure cyanide of 
potassium, free from cyanatemay also be used as the solvent). 
The reddish-yellow solution is boiled to expel free hydro- 
cyanic acid, whereupon the cobaltocyanide of potassium 
(ELjCoCyg), formed in the cold, is converted into cobalticya- 
nide (K^Co^^Cy^), while the nickel remains in the form of 
cyanide of nickel and potassium (KNiCy,)- Pure and finely- 
divided red oxide of mercury is then added to the solution 
while yet warm, whereby the whole of the nickel is precipi- 
tated partly as oxide, partly as cyanide, the mercury taking 
its place in the solution. The precipitate contains all the 
nickel, together with excess of mercuric oxide ; after washing 
and ignition, it yields pure oxide of nickel. The filtered 
solution contains all the cobalt in the form of cobalticyanide 
of potassium. It is supersaturated with acetic acid, boiled 
with sulphate of copper, which precipitates the cobalt in 
the form of cobalticyanide of copper (Cu3Co2Cy5.7HO), 
and the precipitate retained in the liquid at a boiling-heat 
tiU it has lost its glutinous character. It is then washed, 
dried, and ignited^ dissolved in hydrochloric acid mixed with 
a little nitric acid, the copper precipitated by hydrosulphuric 
acid, and the filtrate, after boiling for a minute to expel the 
excess of that gas, mixed with boiling caustic potash to preci- 
pitate the cobalt.* — 2. Instead of adding the oxide of mercury, 
the solution containing the mixed cyanides may, after cooling, 

* Ann Cli. Pliarm. Uv. 244. 
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be supersaturated with chlorine, the precipitate of cyanide 
of nickel thereby produced being continually redissolved by 
caustic potash or soda. The chlorine produces no change on 
the cobalticyanide of potassium, but decomposes the nickel- 
compound, the whole of the nickel being ultimately preci- 
pitated in the form of black sesquioxide.* 

Liebig's first methodf which consisted in treating the solution 
of the mixed cyanides with excess of hydrochloric or sulphuric 
acid, whereby the nickel was precipitated as cobalticyanide of 
nickel, leaving a solution of pure cobalticyanide of potassium, 
has been found, both by himself and others, not to give per- 
fectly satisfactory results. The method by oxalic acid (p. 75.), 
and the precipitation of nickel from an ammoniacal solution 
of the two metals by potash (p. 76.) are not sufficiently accu- 
rate for quantitative analysis. 

F. Claudet proposes to separate cobalt from nickel and 
other metals in the form of the ammonio-oompound described 
on page 70., that compound being very insoluble, while cor- 
responding compounds of the other metals do not appear to be 
formed under the same circumstances. 

The separation of cobalt firom nickel (also from zinc and 
the previously described metals) may likewise be elSected by 
means of St. Evre's yellow compound, which is regarded by 
A. Stromeyer as a nitrite of cobaltic oxide and potash 
(p. 65.). The solution containing the mixed metals is diluted 
with water till about 300 parts of water are present to 
1 part of protoxide of cobalt ; a somewhat concentrated solution 
of nitrite of potash % then added, and a sufficient quantity of 
acetic acid to redissolve any precipitated carbonates ; and the 



• Ann. Oh. Fhaim. lixxyii. 128. f Ibid. xli. 291. 

^ The nitrite of potash is prepared by fusing 1 part of nitre in contact 
with 2 parts of metallic lead, first at a low and then at a bright-red heat, ex- 
hausting the cooled mass with water, precipitating a small quantity of lead 
by carbonic acid, and then by sulphide of ammonium, eyaporating to dryness, 
and heating to the melting-point to decompose any hyposulphite of potash 
that may haye been formed. 
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aolation left to stand for 12 to 24 hours in a covered vessel^ 
then filtered and washed, first with acetate of potash, after- 
wards with alcohol. The precipitate contains all the cobalt 
in the form of the aboye-mentioned salts, and none of the 
other metals.* 



SECTION V. 

aiNc. 

32-52 ; Zn. or Eq, 4066. 

The principal ores of sdnc are calamine, or the carbonate, a 
ptdverulent mineral generally of a reddish or flesh colour, and 
zinc-blende, a massive mineral of an adamantine lustre, and 
often black. The oxide, firom the carbonate or from the 
calcined sulphide, is mixed with about ^ of its weight of 
carbonaceous matter, and heated to a low white heat in re- 
torts, or similar vessels of earthenware or iron. The zinc is 
then reduced and volatilised, and condenses in the colder part 
of the apparatus. 

In Silesia, the mixture of zinc-oxide and charcoal, or coke, 
is heated in muffles (Fig. 4.) 3 feet long and 18 inches high. 

Fig. 4. 





six of which are laid in one fiimace (Fig. 5.), three side by 
side. The evolved mixture of carbonic oxide and zinc-vapour 
passes from the upper and fore part of the muffles M, through 

* A. Stromey e r, Ann. Ch. Pharm. xovi. p. 218. ; see also Liebig and Kopp*8 
Jahxflsbericht, 1864» p. 357. 
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s knee-ahi^ed chaQDel bed, and the zinc coiidenaes 
therein and drops doim from the lower aperture d into the 
reservoirs t (Fig. S.) placed beneath. 

Fig. 5. 



Part of the zinc-vapour, and likewise some cadmium-Taponr, 
escapes uncondensed, together with the carbonic oside gas, 
and bums in the air, producing the substance called SileMan 
zinc-floweri. Silesia furnishes the greater part of the mnc 
used in the arte. 

In Bel^um, the reduction ia performed in earthenware 

tubes^ laid side by side ; and the zinc as it condenses in the 

fore part of tbeae tubes, is scraped 

out from time to time in the liquid 

state. 

In England, a number of cast- 
iron pots are arranged in a circle in 
the furnace (Fig. 6.). Through the 
bottom of each of these pots, there 
passes an iron tube 1 1, which is con- 
tinued downwards through an aper- 
ture in the bottom of the furnace. 
The upper end of the tube is stopped 
with a plug of wood, which ia 
charred during the operation, and 
becomes sufficiently porous to allow 
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the passage of the zinc-vapour^ but at the same time preyents 
the solid matter from falling through. Each pot is fitted with 
a cover well luted with clay. The fire-place P, is in the 
middle. The distilled zinc condenses in the tubes tf, and 
falls in drops into a receiver u, placed beneath. This process 
is called deatillatio per descensum. 

Zinc may be purified by a second distillation in a porcelain 
retort ; but the first portions of that metal which come over 
should be rejected^ as they generally contain cadmium and 
arsenic. 

Zinc is a white metal^ with a shade of blue^ capable of 
being polished and then assuming a bright metallic lustre. 
It is usually brittle^ and its fracture exhibits a crystalline 
structure. But zinc, if pure, may be hammered into thin 
leaves, at the usual temperature ; and commercial zinc, which 
is impure and brittle at a low temperature, acquires the 
same malleability between 210*^ and 300°: it may then be 
laminated; and the metal is now consumed in the form 
of sheet zinc for a variety of useful purposes. At 400° it 
again becomes brittle, and may be reduced to powder in a 
mortar of that temperature. The density of cast zinc is 
6*862, but it may be increased by forging to 7*21. Its point 
of fusion is 773° (Daniell). At a red heat, zinc rises in 
vapour and takes fire in the air, burning with a white flame like 
that of phosphorus ; the white oxide produced is carried up 
mechanically in the air, although itself a fixed substance. 
Laminated zinc is a valuable substance, from its little disposi- 
tion to undergo oxidation. When exposed to air or placed in 
water, its surface becomes covered with a grey film of sub- 
oxide, which does not increase ; this film is better calculated 
to resist both the mechanical and chemical effects of other 
bodies than the metal itself, and preserves it. Zinc dissolves 
with facility in dilute hydrochloric, sulphuric and other 

hydrated acids, by substitution for hydrogen. In contact 

a 2 
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with iron, it protects the latter from oxidation in any saline 
fluid. 

Zinc appears to form three oxides, the suboxide above re- 
ferred to, the protoxide, and a peroxide, which last is produced 
when the hydrated protoxide is acted upon by a solution of 
peroxide of hydrogen ; but of these, the first and last have 
not been studied, and the protoxide is, therefore, the only 
well known oxide of zinc. 

Protoxide of zinc; ZnO; 40*52 or 506-6. — This oxide 
may be obtained, in the form of an anhydrous white powder, 
by the combustion of the metal in a stoneware crucible, or as 
a white hydrate, by precipitation from its salts by an alkali. 
It is of a yellow colour at high temperatures, but becomes 
colourless again on cooling. By the oxidation of zinc in air 
and water, without access of carbonic acid, a hydrate, 3ZnO 
+ HO, has been obtained in crystalline needles (Mitscherlich). 

Oxide of zinc combines with acids and forms salts, which 
are colourless, like those of magnesia. Cattstic alkalies 
form with zinc-salts a white gelatinous precipitate of the 
hydrated oxide, soluble in excess of the alkali. Carbonate of 
potash or soda throws down white carbonate of zinc, insoluble 
in excess ; carbonate of ammonia, the same precipitate, soluble 
in excess. Ferrocyanide of potassium, and the alkaline phos- 
phates and arseniates, also form white precipitates. Zinc- 
salts containing a strong acid in excess, are not affected by 
hydrosulphuric acid, but give a white hydrated sulphide with 
alkaline sulphides. A solution of acetate of zinc is readily 
decomposed by hydrosulphuric acid. 

The native sulphide of zinc, or zinc-blende, ZnS, crystal- 
lises in octohedrons. Its colour is variable, being sometimes 
yellow, red, brown, or black. 

Chloride of zinx:, ZnCl, is produced by the combustion of 
zinc in chlorine, and by dissolving the metal in hydrochloric 
acid. It is fusible at 212^, volatile at a red heat, and perhaps 
the most deliquescent of salts. Chloride of zinc-ammonium, 
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NHjZa.C]^ is obtained^ according to Ritthausen^ in white 
prismatic crystals, when zinc and copper, or zinc and silver, 
are placed in contact in a solution of sal-ammoniac, or by the 
action of zinc on a solution of sal-ammoniac containing 
chloride of copper. 

Iodide of zinc is formed by digesting iodine, zinc, and 
water together, and resembles the chloride. The compound 

ZnI.2NH3, ^' NH2(NH4)Zn.T, forms crystals belonging to 
the rhombic system (Rammelsberg). 

The neutral carbonate of zinc forms the ore called 
calamine. When precipitated by an alkaline carbonate, the 
salts of zinc, like those of magnesia, yield the neutral car- 
bonate in combination with hydrated oxide, 2(ZnO.C02) 
+ 3(ZnO.HO). The mineral substance, zinc-bloom, is of the 
same composition. Precipitated in the cold, the carbonate is 
ZnO.COj + 2(ZnO.HO), but is contaminated with sulphate 
of soda (Mitscherlich). 

Sulphate of zinc, White vitriol, ZnO.S03+ 7H0.— This salt 
is formed by the oxidation of the native sulphide at high 
temperatures, or by dissolving the metal in dilute sulphuric 
acid. It crystallises in colourless prismatic crystals, contain- 
ing 7 eq. of water, the form of which is a right rhombic prism. 
This, like all the other magnesian sulphates, gives up 6 eq. of 
its water at about 212^, while the seventh or constitutional 
equivalent requires a heat of 400° to expel it. The crystals 
are soluble in 2^ times their weight of water, at the usual 
temperature, and fuse in their water of crystallisation when 
heated. The salt also crystallises above 86°, with 6 eq. of 
water, in oblique rhombic prisms (Mitscherlich). According 
to Kiihn, another hydrate is formed and precipitated as a 
white powder, containing 2 eq. of water, when a concentrated 
solution of sulphate of zinc is mixed with oil of vitriol. Sul- 
phate of zinc forms the usual double salt with sulphate of potash, 

ZnO.SOg-f- KO.SOa-f 6H0. The double sulphate of zinc and 

o 3 
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■oda contains 4 atoms of water, ZnO.SO3+NaO.S03 4-4HO* 
It is formed by a singular decomposition (I. 228.). When a 
solution of the sulphate is mixed with a quantity of alkali 
less than sufScient for complete precipitation, a subsulphaie of 
zinc precipitates, which, according to the analyses of several 
chemists, contains 4 eq. of oxide of zinc to 1 eq. of sulphuric 
acid, besides water. A concentrated solution of sulphate of 
zinc dissolves the preceding subsalt, and, when saturated^ 
contains a compound of 1 eq. of acid and 2 eq. of base, ac- 
cording to Schindler, and does not crystallise. From this 
solution, Schindler obtained the former insoluble subsalt 
with two different proportions of water, in long crystalline 
needles, containing lOHO, by spontaneous evaporation of the 
solution, and in brilliant crystalline plates containing 2HO, 
which were deposited on boiling the solution. By diluting 
the same solution with a large quantity of water, he also ob- 
tained another subsalt, as a light bulky precipitate, which 
contained 1 eq. of acid, 8 eq. of oxide of zinc, and 2 eq. of 
water. The insoluble matter, which precipitates when sul- 
phate of zinc-ammonium (NH3Zn]O.S03 is thrown into 
water, is considered by Kane as a third subsulphate of 
zinc, containing 1 eq. of acid, 6 eq. of oxide of zinc, and 
10 eq. of water. All these subsulphates afford neutral 
sulphate of zinc to water, after being heated to redness ; so 
that, whatever their constitution may be when hydrated, 
it is certainly different firom what it is in their anhydrous 
condition. 

Nitrate of zinc, ZnCNOg-hCHO, is very soluble in water, 
and moderately deliquescent. 

Phosphate of zinc, ZnO^.HO.PO^ + 2H0, is obtained in 
minute silvery plates, which are nearly insoluble, on mixing 
dilute solutions of phosphate of soda and sulphate of zinc. 

Silicate of zinc is found as a crystalline mineral, which has 
received the name of the electrical oxide of zinc, because it 
acquires, like the tourmalin, a high degree of electrical 
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polarity when heated. It contaiiiB water^ and may be repre- 
sented by the formula 2(8ZnO.Si03) +8HO. 

The most important alhys of zinc are those with copper, 
which form the Tarieties of brass. Zinc also combines readily 
with iron, and is contaminated by that metal, when fused in 
an iron crucible. 



ESTIMATION OF ZINC, AND METHODS OF SEPARATING IT FROM 

OTHER METALS. 

Zinc is precipitated from its solutions by carbonate of soda, 
which, when added in excess and boiled with the solu- 
tion, throws down carbonate of zinc. It is be&t, however, 
to pour the zinc-solution into the hot solution of the alkaline 
carbonate;, because, in that case, we may be sure of not form- 
ing a basic salt. If the zinc-solution contains ammoniacal 
salts, it must be boiled with a quantity of carbonate of soda 
sufficient to decompose those salts; then evaporated to dry- 
ness ; the residue treated with a large quantity of water to 
dissolve out the soluble salts; and the carbonate of zinc 
collected on a filter and well washed with hot water. The 
evaporation should be conducted aa quickly as possible. The 
carbonate of zinc, when dried and ignited, yields oxide of zmc 
containing 80*26 per cent, of the metal. 

In separating zinc from other metals, it is often necessary 
to precipitate by sulphide of ammonium. K the solution is 
acid, it must be previously neutralised by ammonia. The 
precipitate must not be thrown on the filter immediately, but 
left to settle down completely, after which the clear liquid 
must first be passed through the filter, and then the preci- 
pitate thrown on it. If this precaution be neglected, the 
sulphide of zinc will stop up the pores of the filter. The 
precipitate is washed with water containing a little sulphide 

of ammonium ; then dissolved in hydrochloric acid ; the solution 

o 4 
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boiled to drive off the hydrosulphuric add; and the sine 
precipitated by carbonate of soda as above. 

Zinc is separated from the alkalies and alkaline earths 
(baryta^ strontia, and lime) by means of sulphide of am- 
monium. In the case of the alkaline earths^ however, great 
care must be taken to prevent the ammoniacal liquid from, 
absorbing carbonic acid from the air, as that would occasion 
a precipitation of the earth in the form of carbonate. For 
this purpose, the filtration must be effected as quickly as 
possible, and the liquid well protected from the air. The 
separation of zinc from baryta may also be effected by sul- 
phuric acid, and from lime by oxalate of ammonia. 

From magnesia, zinc may be separated by sulphide of am- 
monium, a sufficient quantity of chloride of ammonium being 
previously added to prevent the precipitation of the magnesia. 
Or the separation may be effected by converting the zinc and 
magnesia into acetates, and precipitating the zinc as sulphide 
by hydrosulphuric acid. 

The separation of zinc from alumina and glucina may also 
be effected by converting the two bases into acetates and pre- 
cipitating the zinc by hydrosulphuric acid ; or by dissolving 
in potash, and precipitating the zinc by hydrosulphuric add ; 
but the former method is to be preferred. 

The conversion into acetates and precipitation by hydrosnl- 
phuric acid likewise serves to separate zinc from zirconia, 
yttria, thorina, and manganese. The separation from man- 
ganese may also be effected by converting the two metals 
into chlorides, passing chlorine gas through the solution to 
convert the manganese into bioxide, and completing the pre- 
cipitation of the latter by carbonate of baryta. 

From iron, zinc may be separated by ammonia, or better by 
sucdnate of ammonia, the same precautions being used as in 
the separation of iron from manganese by the same method 
(p. 58.). The iron (in the state of sesquioxide) may also be 
precipitated by carbonate of lime or carbonate of baryta. 
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From cobaU and nickei, zinc ia separated hj dissolying the 
oxides of both metals in excess of acetic acid^ and precipi- 
tating the zinc by hjdrosulphuric acid. Nickel and cobalt 
are completely precipitated by hydrosnlphuric acid from the 
neutral solutions of their acetates^ but not when a consider- 
able excess of acetic acid is present. But in separating zinc 
from cobalt and nickel in this manner, a small quantity of the 
latter metals is generally precipitated with the zinc towards 
the end of the process, the precipitate then becoming greyish 
black. In that case it must be redissolved in hydrochloric 
acid, the chlorides converted into acetates, and the precipita- 
tion repeated. Another method of separation is to convert 
the metals into chlorides, and ignite the dry chlorides in a 
stream of hydrogen gas : the nickel or cobalt is then reduced 
to the metallic state, while the chloride of zinc remains un- 
altered, and may be dissolved out by water. (For the separa- 
tion of cobalt from zinc, see also p. 80.) 

In precipitating zinc from its acetic acid solution by hydro- 
sulphuric acid, it is necessary that the solution be quite 
free from inorganic acids, which would interfere with the 
precipitation. This may be effected either by precipitating 
the metals with carbonate of soda, washing the precipitate and 
dissolving it in acetic acid, or by boiling the solution with 
excess of sulphuric acid to drive off the inorganic acids (if vola- 
tile) and decomposing the sulphate with acetate of baryta. 



SECTION VI. 

CADMllTM. 

£y. 55-74 or 696-77; Cd. 

This metal is frequently found in small quantity, associated 
with zinc, and derives the name cadmium, applied to it by 
Stromeyer, from cadmia fossUis, a denomination by which the 
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common ore of nnc was formerly designated. In the process 
of reducing ores of zinc^ the cadmium which they contain 
comes over among the first products of distillation^ owing to 
its greater volatility. It may be separated firom zinc^ in an acid 
solution, by hydrosulphuric acid, which throws down cadmium 
as a yellow sulphide. This sulphide dissolves in concentrated 
hydrochloric add, affording the chloride of cadmium, from 
which the carbonate may be precipitated by an excess of car« 
bonate of ammonia. Carbonate of cadmium is converted by 
ignition into the oxide; and the latter yields the metal when 
mixed with one-tenth of its weight of pounded coal, and dis- 
tilled in a glass or porcelain retort, at a low red heat. 

Cadmium is a white metal, like tiu, very ductile and mal- 
leable. It fuses considerably under a red heat, and is nearly 
as volatile as mercury. The density of cadmium, cast in a 
mould, is 8'604, after being hammered, 8*6944. Cadmium 
may be dissolved in the more powerful acids, by substitution 
for hydrogen, with the aid of heat ; but nitric acid is its 
proper solvent. 

Oande of cadmium, CdO; 6374 or 796-77.— The only 
known oxide of cadmium is obtained by the combustion of 
the metal, or by the ignition of its carbonate, as a powder of 
an orange colour, or as a white hydrate by precipitation from 
its salts by an alkali. Its density, in the anhydrous condition, 
is 8*183 (Herapath). By igniting the nitrate, the oxide is 
obtained in microscopic octohedrons, which are dark bluish 
black by reflected, and dark brown with a tinge of violet by 
transmitted light (Schiiler). This oxide is soluble in am- 
monia, but not in its carbonate (differing in the last property 
from zinc and copper) nor in the fixed alkalies. Its salts are 
white, and greatly resemble those of zinc. They are precipi- 
tated of a fine yellow colour by hydrosulphuric acid. 

Sulphide of cadmium is distinguished from sulphide of 
arsenic, which it resembles in colour, by being insoluble in 
potash and in sulphide of ammonium, and by sustaining a red 
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heat without subliming. A crystaUiue sulphide is obtained 
by fusing 1 part of the precipitated sulphide with 5 parts of 
carbonate of potash and 5 parts of sulphur; or by passing 
dry hydrosulphuric acid gas over strongly-heated chloride of 
cadmium. 

Chloride of cadmium forms a crystalline hydrate^ containing 
CdCl + 2HO. It also forms crystalline compounds with the 
chlorides of ammonium, potassium^ sodium^ barium^ stron- 
tium^ calcium^ magnesium^ manganese, iron, cobalt, nickeli 
and copper. A solution of chloride of cadmium, mixed with 
excess of ammonia, yields by spontaneous evaporation the 
compound NHgCdCl (C. v. Hauer). 

The same ammoniacal solution treated with excess of hydro* 
chloric acid deposits crystalline crusts, which, according to 

Schiller, contain CdCl.SNHg or NH^NHJ^.Cl. Sul- 
phurous acid gas passed through the ammoniacal solution 
throws down a white crystalline precipitate containing 
CdO.SOa+NH^O.SOj, (Schiiler). 

Iodide of cadmium forms a crystalline compound with water. 
Bromide of cadmium mixed in equivalent quantity with 
bromide of potassium in solution, yields crystals, first of 
2CdBr.KBr -f 2H0, aften^ards of CdBr.2KBr (C.v. Hauer). 
Sulphate of cadmium forms efflorescent crystals contain- 
ing CdO.SO, + 4HO (Stromeyer). According to Kiihn and 
Von Hauer, an acid solution of the salt concentrated at 
the boiling heat, deposits nodtdar crystals, which contain 
CdO.SO, H- HO, and give oflf their water at 212''. The crys- 
tals obtained by evaporation at ordinary temperatures contain 
8(CdO.S05)+ 8H0, give off nearly 3 eq. water at 212**, 
and the rest at a low red heat (C. v. Hauer). Sulphate of cad- 
mium forms with sulphate of potash the compound CdO-SOg 
-f KO.SO, -f- 6H0, and similar double salts with the sul- 
phates of soda and ammonia. 

Several definite alloys of cadmium have been formed. At a 
red heat, 100 pajrts of platinum retain 11 7'3 parts of cadmium, 
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giving a compound = Cd,Pt : 100 parts of copper retain, at a 
red heat, 822 of cadmium, which approaches nearly to the pro- 
portion of CdCuj. Cadmium forms an amalgam with mer- 
cury, which crystallises in octohedrons, and consists of 21*74 
parts of cadmium, and 78*26 of mercury. Cor dHg,. 

Estimation of cadmium, and method of separating it from 
the preceding metals. — Cadmium is best precipitated from its 
solutions by carbonate of soda; it is thereby obtained as a 
carbonate, which by ignition yields the brown oxide containing 
87*45 per cent, of the metal. 

From all the preceding metals cadmium may be separated 
by hydrosulphuric acid ; the sulphide of cadmium being then 
dissolved by nitric acid, and the metal precipitated by carbonate 
of soda as above. 



SECTION VII. 

COFFER. 

Eq. 31-66 or 895*7; Cu [cuprum). 

Copper, if not the most abundant, is certainly one of the 
most generally diJ9used of the metals. Its ores are often 
accompanied by metallic copper, crystallised in cubes or octo- 
hedrons. Very large masses of native copper have been found 
near Lake Superior in North America, one of which weighed 
2200 pounds ; in the Cliff mine, on the Eagle river, a mass 
has been found weighing 50 tons. Native copper is also 
found in considerable quantities in the decomposed basalt of 
Bheinbreitenbach, near Becsk in Hungary, and near Harlech, 
North Wales. The richest mines of this country are those 
in Cornwall and Anglesea. The common ore of this metal is 
copper pyrites, a compound of subsulphide of copper and ses- 
quisulphide of iron, or a sulphur-salt, CuS + FeaSj, but in 



which the two sulphides are also found in other proportions, 
and which often contains an admixture of the bisulphide of 
iron. Few metallurgic processes require more skill and atten- 
tion than the extraction of copper Jrom this ore. The ore ia 
first roasted at a high temperature in a reverberatory or flame- 
fiimace (Fig. 7.), whereby the sulphide of iron is in great part 

Fig. 7. 



converted into oxide, while the sulphide of copper remains un- 
altered. The product of this operation is then strongly heated 
with silicious sand, which combines with the oxide of iron, form- 
ing a fnaible slag, and separates from the heavier copper com- 
ponnd. This operation is performed in a reverberatory furnace 
similar to the former, but of smaller dimensions. These pro- 
cesses are several times repeated, whereby the quantity of iron 
is continually diminished, and the sulphide of copper b^ns to 
decompose, giving it np its sidphur and absorbing oxygen ; the 
temperature is then raised high enough to reduce the resulting 
oxide by the aid of carbonaceous matter. The coarae copper 
thus obtained, containing from 80 to 90 per cent, of copper, 
is then melted under the action of a strong blast of air, 
to complete the expulsion of volatile matter, and the copper 
is partially oxidised. Lastly, to free it from oxide, which 
renders it brittle, it b again melted with its surface well 
covered with charcoal, and a pole of hirchwood ia thrust into 
it ; thia causes considerable ebullition, the oxide being reduced 
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by the carbonaceous matter^ and carbonic acid escaping. 
Samples of the metal are taken out from time to time, and 
tested by the hammer, the process being discontinued as 
soon as the right degree of toughness is attained. If the 
poling is continued too long, the copper takes up carbon, and 
then becomes even more brittle than in its former oxidised 
state: it is then said to be over-poled, and must be again 
melted in contact with the air to bum away the carbon.* 

Copper is the only metal of a red colour. The crystals of 
native copper, and of that obtained in the humid way by pre- 
cipitation with iron, belong to the regular system ; but the 
crystals which form in the cooling of melted copper were 
found bv Seebedc to be rhomboidal, and to have a diflPerent 
place in the thermo-electric series from the other crystals. 
The density of copper when cast is about 8*83, and when 
laminated or forged 8*95 (Berzelius). It is less fusible than 
silver, but more so than gold, its point of fusion being 1996^ 
(Daniell). It is one of the most highly malleable metals, and 
in tenacity is inferior only to iron. It has much less affinity 
for oxygen than iron, and decomposes water only at a bright 
red heat, and to a small extent. In damp air, it acquires a 
green coating of subcarbonate of copper, and its oxidation is 
remarkably promoted by the presence of acids. The weaker 
adds, such as acetic, have no effect upon copper, unless with 
the concurrence of the oxygen of the air, when the copper 
rapidly combines with that oxygen, and a salt of the acid is 
formed. Copper scarcely decomposes the hydrated acids by 
displacing hydrogen ; when boiled in hydrochloric acid, it dis- 
engages only the smallest traces of that gas. But hydrogen 
does not precipitate metallic copper from solution. Copper 
acts violently on nitric acid, occasioning its decomposition, 
with evolution of nitric oxide, and dissolving as a nitrate. 

* A minuto account of the process of copper-smelting as practised at 
Swansea, has lately been given by Mr. Napier, in the '* Philosophical Maga- 
zine,*' 4th Series, Tols. iv. and ▼. 
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Dioxide of copper , Bed oadde of copper, Cuprotu oxide, 
Ca^Oj 71'S2 or 891*4. — This degree of oxidation is better 
marked in copper than in any other metal of the magnesian 
class. The dioxide of copper is found native in octohedral 
crystals^ and may be prepared artificially by heating to red- 
ness, in a covered crucible, a mixture of 5 parts of the 
black oxide of copper with 4 parts of copper-filings. It is 
a reddish-brown powder, which undergoes no change in the air. 
The fsvafBuce of vessels of polished copper is often converted 
into red oxide, or bronzed, to enable them to resist the action 
of air and moisture : this is done by covering them with a paste 
of sesquioxide of iron, heating to a certain point, and after- 
wards cleaning them, to remove the oxide of iron ; or other- 
wise, by means of a boiling solution of acetate of copper. 

Dilute acids decompose red oxide of copper, dissolving the 
protoxide, and leaving metallic copper. Undiluted hydro- 
chloric acid dissolves the red oxide, without decomposition, 
or rather forms a corresponding chloride of copper, CojCl, 
which is soluble in hydrochloric acid. The hydrated alkalies 
precipitate hydrated cuprous oxide from that solution, of a 
lively yellow colour, which changes rapidly in air from absorp- 
tion of oxygen. 

Cuprous oxide is also formed when copper is placed in a 
dilute solution of ammonia containing air, and is dissolved by 
the alkali. If the ammonia has been corked up in a bottle 
with copper for some time, the liquid is colourless ; but on 
pouring it out in a thin stream, it immediately becomes blue, 
by absorbing oxygen. The liquid may be again deprived of 
colour by returning it to the bottle, and closing it up, in con- 
tact with the metal. Cuprous oxide is also readily obtained 
by the reducing action of glucose (grape-sugar) on the prot- 
oxide or its salts. When a solution of 1 part of common sul- 
phate of copper and 1 part of glucose is mixed with a sufficient 
quantity of caustic potash or soda to redissolve the precipitate 
first formed, and the liquid gently warmed, cuprous oxide is 
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abundantly precipitated in the form of a yellowish-red crystal- 
line powder. Cane-sugar produces the same effects^ but more 
slowly^ apparently because it must first be converted into 
glucose. 

Compounds have been obtained of cuprous-oxide with 
several acids^ particularly with sulphurous add, the sulphite 
forming a double salt with sulphite of potash, Cu^O.SO^ + 
2(KO.S02) (Muspratt) ; also with hyposulphurous, sulphuric, 
carbonic and acetic adds. When fused with vitreous matter, 
cuprous oxide gives a beautiful ruby-red glass; but it is 
difficult to prevent the cuprous oxide from absorbing oxygen, 
in which case the glass becomes green. 

Hydride of copper, Cuprous- hydride, Cu,H. — When a 
solution of cupricsijdphate and hypophosphorous add is heated 
not above 158^, this compound is deposited as a yellow pre- 
dpitate, which soon turns red-brown. It gives off hydrogen 
when heated, takes fire in chlorine gas, and when treated with 
hydrochloric add, is converted into dichloride of copper, with 
evolution of a double quantity of hydrogen, the acid in fact 
giving up its hydrogen as wdl as the copper-compoimd 
(Wurtz) : 

Cu^H -f- HCl = CujCl + HH. 

This action is very remarkable, inasmuch as metallic copper 
is scarcely acted upon by hydrochloric acid. It appears to 
arise firom the two atoms of hydrogen contained in the acid 
and the hydride being in opposite states, the former being 
basylous or positive, the latter chlorous or negative, and so 
disposed to combine together, just as the hydrogen of the 
hydrochloric acid combines under similar circumstances 
with the oxygen of the compoimd CujO. The reduction 
of certain metallic oxides by peroxide of hydrogen affords 
another example of the same kind of action. 

Disuiphide of copper, Cuprous sulphide, Cu^S, forms the 
mineral copper-glance, and is also a constituent of copper 
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pyrites. It is a powerful sulphur-base. Copper-filings^ mixed 
irith half their weight of sulphur, unite^ wheu heated, with in- 
tense ignition, and form this disulphide. 

Dichloride of copper, Cuprous chloride^ Cu^Cl, may be pre- 
pared by heating copper-filings with twice their weight of 
eorrofiive sublimate. It was obtained by Mitscherlich in 
tetrahedrons, by dissolving in hydrochloric acid the dichloride 
of copper formed on mixing solutions of the protochlorides of 
copper and tin, and allowing the concentrated solution to cool, 
Dichloride of copper so prepared is white, insoluble in water, 
soluble in hydrochloric acid, but precipitated by dilution. It 
is dissolved by a boiling solution of chloride of potassium, 
and the resulting solution, if allowed to cool in a dose 
vessel, yields large octohedral crystals of a double chloride : 
CU2CI.2ECI; they are anhydrous. It is remarkable that the 
forms of this double salt, and of both its constituents, aU 
belong to the regular system.* 

When finely-divided metallic copper is boiled in a saturated 

solution of sal-ammoniac, ammonia is evolved and a white 

salt formed, which crystallises in rhombic dodecahedrons : it 

contains NHj.Cu^Cl, and may be regarded as a dichloride of 

NH Cu) 
copper and cuprammonium ^p |CI. A solution of this 

salt exposed to the air yields blue crystals of the compound 
NH3.CU2CI 4- NHjCuCl + HO ; and the mother-liquor, after 
further exposure to the air, contains the salt NH3.CUCI + 
NH4CI, which at a lower temperature crystallises in large 
cubes (Bitthausen). 

IHniodide of copper, Cuprous iodide, Cu^I, is a white in- 
soluble precipitate, obtained on mixing a solution of 1 part of 
sulphate of copper and 2\ parts of protosulphate of iron, with 
a solution of iodide of potassium. 

Dicyanide of copper, Cuprous cyanide, Cu^Cy. — Obtained as 
a white curdy precipitate on adding hydrocyanic acid or 

* Mitscherlich in Poggendorff 's Annalen, zliz. 401., 1S40. 
VOL. II. H 
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cyanide of potassium to a solution of dichloride of copper in 
hydrochloric add^ or to a solution of protochloride of copper 
mixed with sulphurous acid. It forms a colourless solution 
with ammonia, and a yellow solution with strong hydrochloric 
acid^ from which it is precipitated by potash. 

Dicyanide of copper unites with the cyanides of the alkali- 
and earth-metals^ and with the cyanides of manganese^ iron, 
sinc^ cadmium^ lead^ tin^ uranium^ and silver^ forming double 
salts^ some of which haye the composition MCy.Cu^Cy, others 
SMCy.Cu^Cy (the symbol M denoting a metal). 

Cupro90'Cupric cyanide, Cu^Cy.CuCy, is obtained as a 
green hydrate by adding hydrocyanic acid or cuproso-potassic 
cyanide^ KCy.Cu^Cy, to sulphate of copper. It forms three 
compounds with ammonia^ viz., NHs.CusCy^.HO^ obtained 
by adding cyanide of ammonium to a protosalt of copper, and 
the compounds 2NH3.Cu3Cy2 and SNHj.CusCy^y formed by 
the action of ammonia on the first compound. 

Cuprous hypomlphUe, Cu^O.SS^O^ + 2H0^ separates in 
microscopic needles, having a golden lustre^ on adding a 
saturated solution of hyposulphite of soda to a concentrated 
solution of cupric sulphite, till a deep yellow colour is pro* 
duced. It dissolves in aqueous sal-ammoniac, and the solu- 
tion deposits the compound Cu^CaSjOa + NHjCuCl + HO. 
(C. V. Hauer). 

Cuprous sulphite is said by some chemists to be obtained 

k 

in a definite state by the action of sulphurous acid on cupric 
oxide j but according to Rammelsberg and P^an de St. GilleSj 
it exists only in combination with cupric sulphite, forming the 
compound CujO.SOj + CuO.SOj, which crystallises with 
3 and 5 eq. of water, — and with the sulphites of the alkalies. 
By treating dichloride of copper with excess of sulphite of 
ammonia, prismatic crystals are formed containing Cu^O.SO, 
-f 7(NH40.S02) + 10 Aq. ; and by saturating the solution 
of this salt with sulphurous acid, the salt Cu^O.Sj^O, + 
NH4O.SO3 is obtained. A concentrated solution of i^phite 
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of ammonia and cupric sulphate saturated with sulphurous 
acid gasy yields light green orystals containing (CujO.SOg + 
NH4O . SOJ + (CojO . SO2 + CuO . SO2) + 5 aq. Corre- 
sponding double salts are formed by the sulphites of potash 
and soda» hut they are very imstable. 

Protosride of copper, Black oaAde of copper, Cupric oside,C\xO; 
495*7 or 39*66. — The base of the ordinary salts of copper^ or 
cupric salts. It is formed by the oxidation of copper at a red heat^ 
but is generally prepared by igniting the nitrate of copper. It 
is black like charcoal^ and fuses at a high temperature. This 
oxide is remarkable for the facility with which it is reduced^ 
at a low red heat^ by hydrogen and carbon^ which it conyerts 
into water and carbonic acid. It is this property which re- 
commends oxide of copper for the combustion of organic 
substances^ in close vessels^ by which their ultimate analysis 
is effected. 

Oxide of copper is a powerful base. Its salts, the cupric 
salts, are generally blue or green, when hydrated, bat white 
when anhydrous. Although neutral in composition, they have 
a strong acid reaction. They are poisonous ; but their effect 
upon the animal system is counteracted in some degree by 
sugar. Liquid albumen forms insoluble compounds with these 
salts, and is an antidote to their poisonous action. Copper is 
separated in the metallic state from its salts by zinc, iron, lead, 
and the more oxidaUe metals, which are dissolved, and take 
the place of the former metal. 

Potash or soda added to the solution of a cupric salt, throws 

down at first a blue precipitate of hydrated cupric oxide, 

which, however, on agitation, takes up a portion of the unde- 

composed salt, and forms with it a green basic salt. An excess 

of the alkali throws down the hydrated oxide in bulky blue 

flakes, which, on boiling the mixture, collect together in the 

form of a black powder, consisting of the anhydrous oxide. 

This reaction is greatly modified by the presence of fixed or- 

K 2 
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ganic substances^ sucli as sugar^ tartaric acid^ &(^. In a solu- 
tion of sulphate of copper, containing such substances in 
sufficient quantity^ potash either produces no precipitate^ or 
one ^hich is quickly redissolved, forming a blue solution ; and 
from this solution^ when boiled, the copper is sometimes wholly 
precipitated as red or yellow cuprous oxide, as when grape- 
sugar is present, — or partially, as with cane-sugar, or not at 
all, as with tartaric acid. Ammonia, added by degrees, and 
with constant agitation, to the solution of a cupric salt, first 
throws down a green basic salt, and afterwards the blue 
hydrate : an excess of ammonia dissolves the precipitate, 
forming a deep blue solution. A copper solution diluted so 
far as to be colourless, becomes distinctly blue on the addition 
of ammonia. The blue colour thus produced is still visible, 
according to Lassaigne, in a solution containing 1 part of copper 
in 100,000 parts of liquid. Carbonate of potash or soda throws 
down, with evolution of carbonic acid, a greenish blue preci- 
pitate of a basic carbonate of copper, which on boiling is 
converted into the black oxide. Carbonate of ammonia pro- 
duces the same precipitate, but when added in excess, 
dissolves it abundantly, forming a blue solution. Hydro^ 
sulphuric add and solutions of alkaline sulphides throw down 
a brownish black precipitate of protosulphide of copper, iu- 
soluble in sulphide of potassium or sodium, slightly soluble 
in sulphide of ammonium. Ferrocyanide of potassium forms 
with cupric salts a deep chocolate-coloured precipitate of 
ferrocyanide of copper. To very dilute solutions it imparts a 
reddish colour, which is even more delicate in its indications 
than the ammonia reaction, being still visible in a solution 
containing 1 part of copper in 400,000 parts of liquid, according 
to Lassaigne, and in 1,000,000 parts, according to Sarzeau. 
Ferrocyanide of copper dissolves in aqueous ammonia, and 
reappears when the ammonia is evaporated. This reaction 
serves to detect extremely small quantities of copper, even 
when associated with other metals. Thus, if a solution 
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containing copper and iron be treated with excess of 
ammonia, a few drops of ferrocyanide of potassium added, 
the liquid filtered, and the filtrate left to evaporate in a small 
white porcelain capsule, ferrocyanide of copper will be left 
behind, exhibiting its characteristic red colour (Warington). 
Salts of copper impart a green colour to flame. The black 
oxide of copper dissolves by fusion in a vitreous flux, and 
produces a green glass. Any compound of copper fused with 
borax in the oxidising flame of the blowpipe forms a trans- 
parent glass, which is green while hot, but assumes a beautiful 
blue colour when cold. In the reducing flame, the glass 
becomes opaque, and covered on the surface with liver-coloured 
streaks of cuprous oxide, or metallic copper. This lost 
reaction is somewhat difficult to obtain, especially when the 
quantity of copper is small, but it may always be ensured by 
fusing a small piece of metallic tin in the bead. Copper salts 
mixed with carbonate of soda or cyanide of potassium, and 
heated on charcoal before the blowpipe, yield metallic copper. 

Thenard obtained a higher oxide of copper, CuOj, by the 
action of diluted bioxide of hydrogen on the hydrated prot, 
oxide of copper. 

Chloride of copper^ cupric chloride, CuCl, is obtained by 
dissolving the black oxide in hydrochloric acid. Its solution 
is green when concentrated, but blue when more dilute, 
and the salt forms blue prismatic crystals, containing two 
atoms of water. It combines with chloride of potassium, 
and more readily with chloride of ammonium, forming the 
double salts KCl.CuCl + 2H0, and NH^Cl.CuCl + 2H0. 
Another chloride of copper and ammonium, containing 
NH4CI.2CUCI + 4H0, is obtained in fine bluish-green crys- 
tals, by mixing the solutions of 1 eq. sal-ammoniac and 2 eq. 
chloride of copper. 

Chloride of copper likewise combines with ammonia, form- 
ing the three following compounds: — a. SNHg.CuCl. This 
compound is obtained by saturating dry protochloride of 

H 3 
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copper with ammoniacal gas : it forms a blae powder. — b. 2NH3. 
CuCl. Formed by passing ammoniacal gas through a hot satu- 
rated solution of protochloride of copper^ till the precipitate 
first formed is completely redisaolved. During this process, 
the liquid is kept almost boiling by the heat developed by the 
« absorption of the gas ; and the resulting solution yields, on 
cooling, small dark blue octohedrons and square prisms with 
four-sided summits. — c. NH3.CUCI. Obtained by heating a or 
b to 300^, or by saturating dry chloride of copper, at a high 
temperature, with ammoniacal gas. Forms a green powder. 
The compound c may also be regarded as chloride ofcuprammo^ 
fdum, NH3CU.CI, or hydrochhrate of cupramine, NH2CU.HCI, 
the base being ammonium or ammonia in which IH is replaced 
by Cu. Similarly, b may be regarded as a basic hydrochhrate 
of dicupramine, N2H5CU.HCI, the base being formed by the 
union of two atoms of ammonia into one, and the substitution 
therein of ICu for IH. Lastly, a may be regarded as basic 
hydrochhrate of tricupramine, N3HgCu.HCl; or again, a may 

be regarded as NHAm^Cu.Cl, and b as NHgAmCu-Cl. 

Carbonates of copper. — ^When a salt of copper \a precipitated 
by an alkaline carbonate, a hydrated subcarbonate is produced 
containing 2 eq. of oxide of copper to 1 eq. carbonic add. It 
is a pale blue bulky precipitate, which becomes denser and 
green when treated with boiling water. It is used as a pig- 
ment, and known as mineral green. The beautiful native 
green carbonate of copper, malachite, is of the same composi- 
tion, CuO.COj + CuO.HO. The finely crystallised blue copper 
ore is another subcarbonate. It may be represented as the 
neutral hydrated carbonate of copper, in combination with a 
similar carbonate of copper, in which the constitutional water 
is replaced by oude of copper : 

(CuO.COj+HO. 
^C5uO.COa+CuO. 

In the green carbonate, the constitutional water of the neutral 
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carbonate of copper is lejAaced by hydrate of copp^. The 
neatral carbonate of copper itself^ of which the formula would 
be CuO.CO^-f-HO, is unknown. According to Thomson*, the 
anhydrous subcarbonate 2CuO . COs^ occurs in the form of 
mysorine, which contains ako ferric oxide and silica. 

Sulphate qf copper, Cupric iulphate, Blue vitriol, CttO.SOg. 
HO + 4HO ; 79-66 or 9957 + 562-5.— This salt may be 
formed by dissolving copper in sulphuric acid diluted with 
half its bulk of water, with ebullition; the metal is then 
oxidated with formation of sulphurous acid. But the sul- 
phate of copper is more generally prepared, on the large scale, 
by the roasting and oxidation of sulphide of copper; or 
by dissolving in sulphuric acid the oxide formed by exposing 
sheets of metallic copper to air at a red heat. It forms 
lai^e rhomboidal crystals of a sapphire-blue colour, contain- 
ing 5 eq. of water, which lose their transparency in dry air : 
they are soluble in four times their weight of cciA, and twice 
their weight of boiling water. Like the other soluble salts of 
copper, the sulphate has an acid reaction ; it is used as an 
escharotic. The water in this salt may be reduced to 1 eq. at 
212^ ; above 400^ the salt is anhydrous and white. Although 
sulphate of copper does not crystaHise alone with 7 HO, yet, 
when mixed with the sulphates of magnesia, zinc, nickel, and 
iron, it crystallises along with these isomorphous salts in the 
form of sulphate of iron. At a strong red heat it melts and 
loses acid. 

The anhydrous sulphate absorbs 2^ eq. of ammonia, and 
forms a light powder of a deep blue colour (H . Rose). When 
ammonia is added to a solution of sulphate of copper, an in- 
soluble subsulphate is first thrown down, which is redissolved as 
the addition of ammonia is continued, and the uaual deep azure- 
blue ammoniacal solution formed. The ammoniacal sulphate 
may be obtained in beautiful indigo-blue crystals, by passing 

* Outlines of Mineralogy, 
n 4 
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a stream of ammoniaoal gas into a saturated hot solution of 
the sulphate : it is CuO.SOs.HO+2NH3 (Beraelius). These 
crTstals lose 1 eq. ammonia and 1 eq. water at 390° (Kane), 
and are converted into a green powder^ CuO.SOj + NH,, or 
(NHgCuO) . SO3 ; by the cautious application of a heat not 
exceeding 500°, the whole of the ammonia may be got rid 
of, and sulphate of copper quite pure remains behind. Sul- 
phate of copper forms the usual double salts with sulphate of 
potash and with sulphate of ammonia. A saturated hot 
solution of the doublg sulphate of copper and potash allows a 
remarkable double subsalt to precipitate in crystalline grains, 
K:0.S03+ 3(CuO.S03) + CuO.HO + 3H0. A corresponding 
seleniate is deposited, below the boiling point, and always in 
crystals. The ammoniacal and double salts of sulphate of 
copper may be represented thus : — 

Sulphate of copper (blueyitriol) . . . CuO.SOj.HO + 4H0 
Salpluite of copper and potash .... GuO.S03,(EO.S03) + 6HO 
Hydrated ammoniacal sulphate of copper CuO.SOj^HO + 2NHj 

Preceding salt dried at 300° (NHs.CuO).SO, 

Bose's ammoniaoal sulphate CuO.SO,-i- (NH,CuO) 80,-1- 4NH, 

Do. heated to 860° CuO.SOs + (NH,OuO)SO, 

The hydrated ammoniacal sulphate may also be regarded 

. « s 

as NH2(NHJCu.S04 ; and Rose's ammoniacal sulphate as 

NH(NHJjCu ; 

Several subsulphates of copper have been formed. By 
digesting hydrated oxide of copper in a solution of sulphate of 
copper, a green powder is obtained, of which the constituents 
are, according to Berzelius, SCuO.SO, + 3H0. The bluish- 
green precipitate which falls when ammonia is added to sul- 
phate of copper, or potash added in moderate quantity to 
the same salt, contains, according to Kane's and Graham's 
analyses 4CuO.SO, + 4H0. By a larger quantity of potash, 
Kane precipitated a dear grass-green subsulph&te, containing 
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8CaO.SO,+I2HO. The last subsulphate loses exactly half 
its water at 800^'•' ] 

Nitrate of copper, CuO.NOg + 3H0, is formed by dissolving 
^x>pper in nitric acid. It crystallises from a strong solution 
in blue prisms which contain 8 atoms of water, or in rhom- 
boidal plates which contain 6 atoms of water. This salt acts 
upon granulated tin^ with nearly as much energy as hydrated 
nitric acid. A crystallised ammoniacal nitrate of copper is 
obtained by conducting a stream of ammoniacal gas into a 
saturated solution of nitrate of copper. It is anhydrous, and 
contains NO^.CuO + 2NH3 (Kane). It may be regarded as 

NH2(NH4)Cu.N06. 

Subnitrate of copper, CuO.NOg + 3(CuO . HO), according 
to the analyses of Gerhardt, Gladstone t^ and Kuhn:(, is a 
green powder, produced by the action of heat upon the 
neutral nitrate, at any temperature between 160° and 600° ; 
or by adding to that salt a quantity of alkali insufficient for 
complete precipitation. When oxide of copper is drenched 
with the most concentrated nitric acid (HO.NO5), ^* i^ *^^8 
subsalt, singular as it may appear, which is formed, even 
when the acid is in great excess. 

Oxalate of copper and potash is obtained by dissolving 
oxide of copper in binoxalate of potash; it crystallises with 
2 and with 4 eq. of water. 

Acetates of copper. — ^The neutral acetate, CuO. (€^11303) + 
HO, or OH^CuO + HO, is obtained by dissolving oxide of 
copper in acetic acid. It forms fine crystals of a deep green 
colour, containing 1 eq. of water, which lose their trans- 
parency in air, and are soluble in 5 times their weight of 
boiling water. This salt, when it separates from an acid 
solution below 40°, also forms blue crystals containing 5H0 

* TranBftotions of the Royal IrUh Academy, toI. xiz. p. 1. ; or Ann. Cli. 
Phys. t. Ixzii. p. 272. 
t Chem. Soc. Mem. iii. 480. t ^t^^- Pharm. [2.], I. 283. 
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(Wohler). The green salt is found in commeroe under the 
improper name of distilled verdigris. The acetates of copper 
and potash unite in single equivalents^ and form a double salt 
in fine blue crystals^ containing 8H0. Verdigris is a sub- 
acetate of copper^ formed by placing plates of the metal 
in contact with the fermenting marc of the grape, or 
with doth dipped in vinegar. The bluer dpecies^ which con- 
sists of minute crystalline plates, is a definite compound of 
1 eq. acetic acid, 2 eq. oxide of copper, and 6 eq. of water, 
C4H3CUO4.CUO + 6H0. The ordinary green species is a 
mixture of the sesqui- and tribasic acetates of copper, with the 
preceding bibasic acetate. Water dissolves out from verdigris 
the sesquibasic acetate, which presents itself on evaporating 
the solution, sometimes as an amorphous mass, and some- 
times in crystalline grains of a pale blue colour. The sesqui- 
basic acetate consists of 2 eq. of acetic acid, 3 eq. of oxide of 
copper, and 6 eq. of water ; it loses 3 eq. of water at 212°. 
The tribasic acetate is the insoluble residue which remains 
after the lixiviation of verdigris. It is a clear green powder, 
which loses nothing at 212''. It contains 2 eq. of acetic acid, 
6 eq. oxide of copper, and 3 eq. of water (Berzelius). 

Acetate of copper also combines with acetate of lime, and 
with several other salts. The double acetate and arsenite of 
copper is a crystalline powder of a brilliant sea-green colour, 
which is used as a pigment, under the name of Schweinfurt 
green. It is obtained by mixing boiling solutions of equal 
parts of arsenious acid and neutral acetate of copper, adding 
to the mixture its own vDlume of cold water, and leaving the 
whole at rest for several days. It is a highly poisonous sub- 
stance. From the analysis of Ehrmann, its formula is 
C4H3CUO4 + 3(CuO.As03). 

The most important alloys of copper are those which it 
forms with tin and zinc : 

100 parts of copper with 5 tin (or 4 tin +1 zinc) form 
the bronze used for coin. 
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100 parts copper witli 10 tin^ form bronze and gun-metal. 
100 parts copper with 20 to 25 tin, form bell«metal. 
100 parts copper with 30 to 35 tin, form speculum-metal. 

A little arsenic is generally added to the last alloy, to increase 
its whiteness. 

The different varieties of brass are prepared, either by fusing 
together the two metals, copper and zinc, or by heating cop- 
per under a mixture of charcoal and calamine — an operation in 
which zinc is reduced and its vapour absorbed by the copper. 
Two or three parts of copper to one of zinc form common 
bra^. The brass known as Muntz's white metal, which re- 
sists the solvent action of sea- water much better than pure 
copper, and is, in consequence largely used for the sheathing 
of ships, consists of 60 parts copper to 40 parts zinc, and 
appears to be the atomic compound Cu^n. Equal parts of 
copper and zinc, or four of the former and one of the latter, 
give an alloy of a higher colour, resembling gold, and on that 
account called Hmilor* 



ESTIMATION OF COPPER, AND METHODS OF SEPARATING IT 

FROM OTHER METALS. 

Copper is best precipitated by caustic potash, which when 
added to a boiling solution of a cupric salt, throws down the 
protoxide of copper in the form of a heavy black powder. 
From this precipitate every trace of potash may be removed 
by washing with hot water; and the washed precipitate may 
then be dried and ignited in a platinum or porcelain crucible. 
It must be weighed immediately after cooling, with the cover 
on the crucible, because it absorbs moisture rapidly from the 
air. It contains 79*82 per cent, of copper (H. Rose). 

Copper is often precipitated from its solutions by hydro- 
sulphuric acid. In that case the precipitated sulphide must 
be washed as quickly as possible with water containing hy- 
drosulphuric acid, to prevent oxidation ; the precipitate may 
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then be dried^ and the filter burnt with the precipitate on ifc, 
in a porcelain basin ; after which the precipitate is treated 
with concentrated nitric acid, which dissolves it, with separa- 
tion of sulphur, and the copper precipitated £rom the filtered 
solution by potash as above. The chief precaution to be 
attended to in this process is to wash the precipitated sulphide 
quickly, and to preserve it as completely as possible from 
contact with the air; otherwise the sulphide becomes par- 
tially oxidised and converted into sulphate, which being soluble, 
runs through the filter; when this takes place, the filtrate 
becomes brown, because the copper thus carried through, is 
again precipitated by hydrosulphuric acid. 

Volumetric methods. — Copper may be volumetrically deter- 
mined by means of a solution of permanganate of potash, by a 
process founded on that adopted by Margueritte for the deter- 
mination of iron (p. 56.). The copper compound having been 
weighed and dissolved in acid, is mixed in a porcelain basin, 
with neutral tartrate of potash and excess of caustic potash, and 
then heated with a quantity of milk-sugiu*, or honey, sufficient 
to precipitate all the copper as cuprous oxide, the completion 
of the precipitation being indicated by the brown colour which 
the liquid then acquires. The precipitated cuprous oxide is then 
filtered, washed with hot water, and gently heated, together 
with the filter, vrith a mixture of pure sesquichloride of iron and 
dilute hydrochloric acid. It is thereby dissolved in the form 
of protochloride of copper, the sesquichloride of iron being 
at the same time reduced to protochloride : 

CujO + FcaClj + HCl = 2CuCl + 2FeCl + HO. 

In the filtered liquid, diluted to a convenient strength and 
heated to about 86°, the quantity of iron in the state of proto- 
chloride is determined by a graduated solution of permanganate 
of potash in the manner already described (p. 56.), and thence 
the equivalent quantity of copper is readily determined. The 
presence of lead, zinc, bismuth, manganese, or iron, in the 



ESTIMATION OP COPPER. 109 

alkaline solution does not interfere witli the process ; silver or 
mercury must be separated before the precipitation of the 
cuprous oxide. 

Another method^ which appears to give very exact results, 
18 to treat the copper-solution with iodide of potassium, 
whereby diniodide of copper is precipitated and iodine set 
free: 

2(CuO.N05) + 2KI = Cu^I + I + 2(KO.N05), 

and remove the free iodine by means of a standard solution of 
hyposulphite of soda, whereby iodide of sodium and tetrathio- 
nate of soda are produced : 

2(NaO.S20a) + I = Nal + NaO.S^Og. 

The copper«compound, if solid, an alloy for example, is 
dissolved in nitric acid ; carbonate of soda added till a slight 
precipitate is formed; and this precipitate redissolved in acetic 
acid (free nitric acid would vitiate the result by decomposing 
the iodide of potassium). A quantity of iodide of potassium 
is next added, equal to at least six times the weight of the 
copper to be determined, and then the standard solution of 
hyposulphite of soda, in sufficient quantity to remove the 
greater part of the free iodine, which point will be indicated 
by the colour of the liquid changing from brown to yellow. 
Lastly, a clear solution of starch is added, and the addition of 
the hyposulphite of soda cautiously continued till the blue 
colour of the iodide of starch is completely destroyed. The 
solution of hyposulphite of soda is graduated by dissolving a 
known weight of pure electrotype copper in nitric acid, and 
proceeding as above. If the copper-compound contains a large 
quantity of lead or iron, these metals must be removed before 
commencing the determination, because the yellow colour of 
the iodide of lead and the red of the acetate of iron might 
interfere with the result (E. O. Brown).* 

* In a paper read before the Chemical Society, Nor. 17th, 1866, and to be 
published in the 10th yolumo of the Society's Journal. 
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Pelouze'B method^ which consists in treating the copper 
solution with excess of ammonia^ and precipitating the copper 
as oxysulphide, Cu0.5CuS^ by adding a graduated solution of 
sulphide of sodium till the blue colour is completely destroyed, 
appears, firom Mr. Brown's experiments, to be liable to 
imcertainty from two causes : first, because the oxysulphide 
of copper reduces a portion of the protoxide of copper to 
dioxide, thereby rendering the solution colourless before the 
precipitation is complete ; and secondly, because a portion of 
the sulphide of sodium is oxidised and converted into hyposul- 
phite of soda. 

Copper is separated from all the preceding metals, except 
cadmium, by means of hydrosulphuric acid, the solution being 
previously acidulated with hydrochloric or sulphuric acid. 
When zinc, nickel, or cobalt is present, a considerable excess 
of acid must be added, otherwise a portion of these metals 
will be precipitated together with the copper. 

From cadmium^ copper may be separated by carbonate of 
ammonia, which dissolves the copper and leaves the cadmium. 
The deposition of the cadmium is not complete till the liquid 
has been exposed for some time to the air. The separation is, 
however, better effected by adding to the solution of the two 
metals a quantity of cyanide of potassium, sufficient to re- 
dissolve the precipitate first formed, and then passing hydro- 
sulphuric acid through the solution. Sulphide of cadium 
is then precipitated, and on driving off the excess of 
hydrosulphuric acid by heat, and adding more cyanide of 
potassium, the sulphide of copper remains completely dis« 
solved. The copper may be precipitated as sulphide by 
mixing the filtrate with hydrochloric acid : but it is better to 
boil the filtrate with aqua-regia, till all the hydrocyanic acid is 
expelled, and then precipitate the copper by potash (Haidlen 
and Fresenius). 
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SECTION VIII. 

LEAD. 

Eg. 108-56 or 12945; Pb {plumbum). 

Lead was one of the earliest known of the metals. A oon« 
siderable number of ita compounds are found in nature^ but 
the sulphide^ or galena, is the only one which is important as 
an ore of lead. The reduction of the metal is effected by 
heating the sulphide with exposure to air (or roasting), by 
which much of the sulphur is burned and escapes as sulphu- 
rous acid, and a fusible mixture of oxide of lead and sulphate 
of lead is produced. A fresh portion of the ore is added, which 
reacts upon the oxide of lead, the sulphur and oxygen forming 
sulphurous acid, and the lead of both oxide and sulphide 
being consequently reduced. Lime also is added, which de« 
composes the sulphate of lead, and exposes the oxide to be 
reduced by the fuel or by sulphide. 

Lead has a bluish grey colour and strong metallic lustre, 
is very malleable, and so soft, when it has not been cooled 
rapidly, as to produce a metallic streak upon paper. Its density 
is 11*445, and is not increased by hammering. Its tenacity 
is less than that of any other ductile metal. The melting 
point of lead is 612^ ; on solidifying, this metal shrinks con- 
siderably, so that bullets cast in a mould are never quite 
round. Lead, like most other metals, assumes the octohedral 
form on crystallising. Lead is one of the less oxidable metals, 
at least when massive ; its surface soon tarnishes, and is covered 
with a grey pellicle, which appears to defend the metal from 
further change. Bain or soft water cannot be preserved with 
safety in leaden cisterns, owing to the rapid formation of a 
white hydrated oxide at the line where the metal is exposed 
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to both air and water ; the oxide formed is soluble in pure 
water^ and highly poisonous. But a small quantity of car- 
bonic acid^ which spring and well water usually contain, 
arrests the corrosion of the lead, by converting the oxide of 
lead into an insoluble salt, and prevents the contamination 
of the water.* Lead is not directly attacked by hydrochloric 
and sulphuric acids, at the usual temperature, but they favour 
its union with oxygen from the air. Its best solvent is nitric 
acid. Besides a protoxide, FbO, which is a powerful base, 
lead forms a suboxide Pb^O, and a bioxide Pb02, which do 
not combine with acids. 

Suboxide of lead, Pb^O, was discovered by Dulong, and is 
best obtained by heating the oxalate of lead to low redness in 
a small retort. It is dark grey, almost black, and pulverulent, 
and is not affected by metallic mercury. According to the 
analysis of Boussingault, it contains 1 eq. of oxygen to 2 eq. 
of lead. The grey pellicle which forms upon lead exposed to 
the air is, according to Berzelius, the same suboxide. 

Protoxide of lead, PbO, 111-56 or 1894*5. — When a stream 
of air is thrown upon the surface of melted lead, the metal is 
rapidly converted into the protoxide, of a sulphur-yellow 
colour. The oxidated skimmings of the metal are, in this 
condition, termed massicot, and were at one time used as a 
yellow pigment. This preparation is fused at a bright red 
heat, and the oxide is thus separated from some metallic lead, 
with which it is intermixed in massicot. The fused oxide, on 
solidifying, forms a brick-red mass, which divides easily into 
crystalline scales, tough and not easily pulverised ; they form 
litharge. The protoxide of lead can be obtained distinctly 
crystallised by various processes, but always presents itself 
in the same form, an octohedron with a rhombic base 
(Mitscherlich). By igniting the subnitrate of lead, the prot- 
oxide is obtained very pme, and of a rich lemon-yellow colour. 
Its density after fusion is 9-4214. 

* Dr. Ohristison's Treatise on Poisons. 
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When the acetate^ or any other salt of lead^ is precipitated 
by potash, the protoxide falls as a white hydrate, which may 
be dried at 212^ without decomposition. It contains 3j- 
per cent, water, and is, therefore, the hydrate 2PbO . HO 
(Mitscherlich). Oxide of lead likewise crystallises anhydrous, 
firom solution, at the usual temperature, when precipitated 
under such circumstances that it cannot find water to com- 
bine with. This oxide dissolves in above 12,000 times its 
weight of distilled water, which acquires thereby an alkaline 
reaction, but not in water containing any saline matter. It 
is soluble in potash or soda ; and the solutions, when evapo- 
rated, yield small crystals of an alkaline compound. A com- 
pound of lime and oxide of lead is obtained in needles, when 
hydrate of lime and that oxide are heated together, and the 
solution allowed to evaporate with exclusion of air. This 
solution has been employed to dye the hair black. Oxide of 
lead combines readily with the earths and metallic oxides by 
fusion, and when added to the materials of glass, imparts bnl- 
liancy to it and increased fusibility. 

Oxide of lead is a powerful base, resembling baryta and 
atrontia, and affords a class of salts which often agree in form 
and in general properties with the salts of these earths. Its 
carbonate occurs in plumbocalcite, in the form of carbonate 
of lime, an isomorphism by which the protoxide of lead is 
connected with the magnesian oxides. All its soluble salts 
are poisonous, although no salt of lead, with the exception of 
the insoluble carbonate, is highly so (Dr. A. T. Thomson). 
In a case of accidental poisoning by the carbonate, acetic acid 
proved a sufficient antidote. 

Caustic alkalies precipitate lead from its solutions as a 
white hydrate, soluble in potash and soda, insoluble in am- 
monia. Alkaline carbonates throw down a white precipitate 
of carbonate of lead, insoluble in excess of the reagent. Hy^ 
drochloric add and soluble chlorides produce in moderately 
strong lead-solutions, a white crystalline predpitateof chloride 
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of lead^ easily soluble in potasb^ insoluble in ammonia^ soluble 
in a considerable quantity of water; in dilute solutions (e. g. 
in a solution of 1 part of nitrate of lead in 100 parts of water) 
no precipitate is formed. Sulphuric acid and solubk sulphates 
tbrow down, even from very dilute solutions, a white, pul- 
Terulent precipitate of sulphate of lead, easily soluble in 
potash, soluble also, though slowly, in hydrochloric and nitric 
acid ; but by adding a considerable excess of sulphuric acid, 
lead may be completely precipitated even from solutiona con- 
taining hydrochloric or nitric acid. According to Lassaigne, 
1 part of oxide of lead (in the form of nitrate) dissolved in 
25,000 parts of water, gives an opalescence with sulphate of 
soda, after a quarter of an hour. Hydrosulphvric acid and 
alkaline sulphides produce a black precipitate of sulphide of 
lead, insoluble in sulphide of ammonium. In veiy dilute 
solutions, cnly a brown colouring is produced, the limit of the 
reaction being attained, according to Lassaigne, with 1 part 
of oxide of lead (in the form of nitrate) dissolved in 850,000 
parts of water. If the solution of the lead-salt contains free 
hydrochloric add, the precipitate is red or yellow, and a large 
excess of hydrochloric acid prevents it altogether. Iodide of 
potassium produces a bright yellow precipitate of iodide of 
lead, which dissolves in boiling water and separates again on 
cooling in crystalline spangles, exhibiting a beautiful play of 
colours. Chromate and bichromate of potash throw down 
yellow chromate of lead, easily soluble in caustic potash. 
The limit of this reaction is attained with 1 part of oxide 
of lead (in the form of nitrate) dissolved in 70,000 parts of 
water (Harting). Iron and zinc throw down metallic lead. 
If a mass of zinc be suspended in a solution, made by dis- 
solving one ounce of acetate of lead in two pounds of distilled 
water, the lead is precipitated in beautiful crystalline plates, 
which are deposited not only in metallic contact with the zinc, 
but extend from it to a considerable distance in the liquid, 
forming what is called the lead-tree. Lead-salts, mixed with 
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carbonate of soda or cyanide of potassium, and ignited on 
charcoal before the blow-pipe, yield a malleable button of 
lead. The oxides of lead are reduced by simply heating them 
with the blowpipe flame on charcoal. 

SesqmosAde of lead, PbjOg. — Hypochlorite of soda throws 
down from lead-salts a reddish -yellow mixture of sesquioxide 
and chloride of lead. The sesquioxide may be obtained free 
from chloride by supersaturating a solution of nitrate of lead 
with potash, in quantity sufficient to redissolve the precipitated 
hydrate, and then treating it with hypochlorite of soda. The 
sesquioxide is converted by adds into bioxide and an ordauory 
salt of lead (Winkelblech). 

Bioxide or peroxide of lead, PbO^, may be obtained in the 
same manner as the peroxides of cobalt and nickel, by ex- 
posing the protoxide suspended in water to a stream of 
chlorine ; also by fusing protoxide of lead with chlorate of 
potash at a temperature short of redness; or by digesting the 
following intermediate oxide, minium, in diluted nitric acid, 
which dissolves the protoxide of lead, decanting off the nitrate 
of lead, and washing the powder which remains with boiling 
water. Wohler precipitates a solution of 4 parts of acetate of 
lead with a solution of 3 parts or rather more of crystallised 
carbonate of soda, and passes chlorine gas through the result- 
ing thin pulpy mass, till the whole of the carbonate of lead is 
converted into brown bioxide, amounting to 2^ parts, which 
may then be washed. No chloride of lead is formed in this 
reaction, the whole of the chlorine combining with the 
sodium, while acetic and carbonic add are set free. Bioxide 
of lead is of a dark earthy-brown colour. It loses half its 
oxygen by ignition; absorbs sulphurous acid with great 
avidity, and becomes sulphate of lead ; and affords chlorine 
when digested in hydrochloric add. 

Minium or red lead is formed by heating massicot or pro- 
toxide of lead, which has not been fused, to indpient redness 
in a flat furnace, of a particular construction, and directing a 
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current of air upon its surface. Oxygen is absorbed, and an 
oxide formed of a fine red colour, with a shade of yellow. It 
is not constant in composition. The proportion of oxygen, 
when the absorption is least considerable, approaches that of 
a compound containing 3PbO.PbOQ; and such was the com- 
position of a crystallised compound of a fine red colour, formed 
by accident in a minium furnace, and analysed by Houton- 
Labillardiere. But when the absorption is favoured by time 
and most considerable, it approaches but never exceeds 2*4 
per cent, of the original weight of the protoxide. This re- 
sult agrees with the formula Pb304, and accordingly minium 
may be regarded as a compound of protoxide and bioxide of 
lead aPbO.PbO^, or of protoxide and sesquioxide PbO.PbjOj. 
A sample of minium analysed by Longchamps contained 
SPbO.PbO^. The finest minium is obtained by calcining 
oxide of lead from the carbonate, at about 600^. 

Minium is not altered by being heated in a solution of 
acetate of lead, which is capable of dissolving free protoxide of 
lead. When heated to redness, it loses oxygen, and leaves 
the protoxide. It does not combine with acids, but is resolved 
by a strong acid into bioxide of lead and protoxide, the latter 
combining with th^ add. When minium is treated with 
concentrated acetic acid, it first becomes white, and then 
dissolves entirely in a new quantity of add without colouring 
it. But the solution gradually decomposes, and bioxide of 
lead separates from it of a blackish-brown colour (Berzelius). 

Protosulphide of lead, PbS, is thrown down from salts of 
lead, by hydrosulphuric acid, as a black precipitate, which 
is insoluble in diluted acids or in alkalies. It forms also the 
ore galena, which crystallises in the cube and other forms of 
the regular system ; its density is 7*585. Sulphide of lead is 
decomposed easily by nitric acid, and converted into nitrate 
and sulphate of lead, with separation of a little sulphur. The 
more concentrated the nitric acid, the greater is the quantity 
of sulphate produced Recently precipitated sulphide of lead 
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may be completely dissolved in the form of nitrate by boiling 
with dilate nitric acid. Concentrated and boiling hydro- 
chloric acid dissolves sulphide of lead^ with disengagement of 
hydrosulphuric acid gas. Galena may be united by fusion 
with more lead^ and gives the subsulphides Pb4S^ and Pb^S. 
When a solution of persulphide of potassium is added to a 
salt of lead^ a blood-red precipitate appears^ which is a per- 
sulphide of lead^ but is almost immediately changed into the 
black protosulphide of lead and free sulphur. 

Chloride qf lead, PbCl, 13906 or 1738-25.— Lead dissolves 
slowly in hydrochloric acid, by substitution for hydrogen, 
forming the chloride of lead, but only when assisted by the 
action of the air. The same compound is obtained by digest- 
ing oxide of lead in hydrochloric acid, and also falls as a 
white precipitate, when a salt of lead is added to any soluble 
chloride. The chloride of lead is soluble in 135 times its 
weight of cold water, and more so in hot water, from which it 
crystalHses on cooling in long flattened acicular crystals, which 
are anhydrous. It is very fusible, and may be sublimed at a 
higher temperature 

Oxychloride of lead. — Chloride of lead combines in five 
different proportions with the protoxide, .forming the follow- 
ing compounds : — a. SPbCl.PbO. Four parts of chloride of 
lead ignited with 1 part of litharge yield a fused, laminar, 
pearl-grey mixture, which, when triturated with water, swells 
up to a bulky mass having the above composition (Yauquelin). 
The same substance is obtained by Mr. Pattinson, by decom- 
posing carbonate of lead with lime-water, and used as a white 
pigment. — b, PbCl.PbO. Formed by igniting chloride of lead 
in contact with air till it no longer fumes, or by fusing chlor- 
ide and carbonate of lead together. Carbonic acid is then 
set free, and a compound formed which is of a deep yellow 
colour while fu«^, but as it cools assumes a lemon-yellow 
colour, and becomes nacreous and crystalline (Dobereiner). — > 
c. PbCl.2PbO. This compound forms the mineral Mendipite, 
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found at Mendip^in Somersetsliire, where it occurs in yellowish- 
white^ right rhombic prisms^ which are harder than gypsum^ 
translucent^ and have an adamantine lustre (Berzelius). It 
also occurs, and in a state oi greater purity, at Brilon, near 
Stadtbergen, in Westphafia ; the crystals there found are white, 
translucent, and have a mother-of-pearl lustre on the cleavage 
surfaces.* — d. PbCLSPbO. Obtained by fusing 1 eq. chlor « 
ide of lead with 3 eq. (^ the protoxide ; also in the hydrated 
state, Pba.8PbO+HO or 4PbO.Ha, by decomposing chlor- 
ide of lead with ammonia; by precipitating subacetate of 
lead with common salt ; and by decomposing a solution of 
common salt with protoxide of lead. The hydrate is a white 
fiocculent mass, and when fused yields the anhydrous com- 
pound, which is a greenish-yellow laminated mass, forming a 
yellow powder. — e. PbC1.5PbO. Obtained by fusing 1 eq. 
chloride of lead with 5 eq. of the protoxide. Orange-yellow 
substance, yielding a deep yellow powder. — /. PbC1.7PbO, is 
produced on fusing by heat a mixture of 10 parts of pure 
oxide of lead and 1 part of pure sal-ammoniac, a portion of 
the lead being at the same time reduced. The surbasic 
chloride when fused affords cubic crystals on cooling slowly. 
It forms in that state a beautiful yellow pigment, known as 
Turner's yellow in this country, and Caasel yellow in Ger- 
many. It was prepared in England by digesting litharge 
with half its weight of common salt, a portion of which is 
converted into caustic soda, and afterwards washing and 
fusing the oxychloride formed. But it is su£Scient to use 
1 part of salt to 7 parts of oxide of lead in this decomposition. 
Bichloride of lead, PbCl^. — Bioxide of lead dissolves, with- 
out evolution of gas, in cold dilute hydrochloric acid, form- 
ing a rose-coloured liquid, from which alkalies throw down the 
bioxide in its original state. The rose-coloured acid solution, 
evaporated in vacuo over strong potash-ley, yields crystals 

• Bhodiof, Ann. Ch. Fharm. bii. 873. 
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of chloride of lead PbCl, togther with dystals of a different 
character, which appear to consist of PbCl, (Riyot, Beudant, 
and Daguin). 

Bromide of lead, PbBr, is much less soluble in water than 
the chloride j hence, in a liquid containing hydrochloric and 
hydrobromic acids, if the bromine be precipitated by acetate 
of lead, the filtered liquid will still contain chlorine, which 
may then be detected by adding nitrate of silver (H. Rose). 

Iodide of lead, Pbl, 229*92 or 2874.— Appears as a beautiful 
lemon-yellow powder, when iodide of potassium is added to a 
salt of lead. It is soluble in 194 parts of boiling water, and 
in 1235 parts of water at the usual temperature, and may be 
obtained from solution in brilliant hexagonal scales of a golden- 
yellow colour. A compound of a paler yellow^ which appears 
in dilute solutions and when the salt of lead is in excess, is a 
basic iodide. M. Denot finds three oxy-iodides of lead, con- 
taining 1 eq. of iodide of lead to 1 eq., 2 eq., and 5 eq. of oxide 
of lead, and always 1 eq. of water, which last they do not lose 
below a temperature of about 400^. 

Neutral iodide of lead, Pbl, is decomposed by metallic 
chlorides, yielding, when the iodide is in excess, compounds 
which may be regarded as iodide of lead, in which part of the 
iodine is replaced by chlorine. Sesquichloride of iron and 
protochloride of copper separate free iodine (A. Engelhardt). 

Cyanide of lead, PbCy, is a white insoluble powder, obtained 
by precipitation. 

Carbonate of lead, ceruse, white lead; PbO.COj; 133'56 or 
1669'5. — Occurs in nature well crystallised, in the form of 
carbonate of baryta. It is precipitated as a white powder, of 

an alkaline carbonate is added to the acetate or nitrate of 
lead. The precipitate is anhydrous. When oxide of lead 
is left covered with water in an open vessel, it absorbs car- 
bonic acid, and becomes white, forming the subcarbonate 
PbO.COj+PbO.HO. 

I 4 
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Carbonate of lead is invaluable as a white pigment, from 
its great opacity, which gives it that property called body by 
painters, and enables it to cover well. As precipitated by 
an alkaline carbonate, it is deficient in body, owing to the 
transparency of the crystalline grains composing the precipi- 
tate. It is also a neutral carbonate^ as thus prepared, and 
differs in composition firom the ceruse of commerce, which 
Mulder finds always to contain hydrated oxide of lead in 
combination with the carbonate of lead. The result of 
Mulder's analyses 'of numerous specimens of white lead, is, 
that there are three varieties of that substance, the composi- 
tion of which is expressed by the three following fonpulse : — 

2(PbO.COa) + PbO.HO; 
5(PbO.C02) + 8(PbO.HO); and 
3(PbO.COa) + PbO.HO. 

Mr. J. A. Phillips has also examined several specimens of 
white lead prepared by the Dutch process. Four samples 
gave by analysis the formula, 2(PbO.C02) + PbO.HO; 
one gave SCPbO.COa) + PbO.HO ; another, 5(PbO.COa) + 
PbO.HO.* Dr. T. Richardson also found that varieties of 
white lead contain a portion of oxide of lead, in addition to 
the carbonate, and so far confirms the conclusions of Mulder. 

In the old or Dutch mode of preparing white lead, which is 
still extensively practised^ thin sheets of the metal are placed 
over gallipots containing weak acetic acid (water with about 
24 per cent, dry add)^ themselves imbedded in fermenting 
tan, the temperature of which varies from 140® to 150**. The 
action is often very rapid^ and the metal disappears in a few 
weeks to the centre of the sheet. In this process^ from 2 to 
2i tons of lead (4480 to 5600 pounds) are converted into 
carbonate^ by a quantity of vinegar which does not contain 
more than the small quantity of 50 pounds of dry acetic acid. 
Hence the metal is certainly neither oxidised nor carbonated 
in this process^ at the expense of the acetic acid. The oxygen 

• Chem. Soc. Qu Pt. ir. p. 165. 
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must be derived from the air^ and the carbonic acid from the 
fermenting tan. In the newer process^ litharge^ without any 
preparation, is mixed with water and abont 1 per cent, of 
acetate of lead^ and carbonic acid gas passed over it ; the oxide 
of lead is rapidly converted into excellent cerose. There can 
be little doubt that all the oxide of lead is successively dis- 
solved by the acetate, and presented to the carbonic acid as 
a soluble subacetate ; a compound which, it is known, absorbs 
carbonic acid with the greatest avidity, and allows its excess of 
oxide to precipitate as carbonate of lead. The new process 
supplies likewise the theory of the old one, the function of the 
acetic acid being manifestly the same in both processes. 
Nitrate of lead has been substituted for the acetate, with 
other things the same as in the last process. 

Sulphate qf lead; PbO, SO3; 151-56 or 1894-5. — This 
salt is precipitated when sulphuric acid or a soluble sulphate 
is added to a solution of acetate or nitrate of lead, as a white, 
dense, insoluble precipitate, which appears by the microscope 
to be composed of minute crystals. It is also formed by the 
action of strong nitric acid on sulphide of lead. Sulphate of 
lead contains in 100 parts, 26-44 sulphuric acid and 73*56 
oxide of lead, and may be exposed to a red heat without de- 
composition. Dr. Richardson finds that this salt acquires 
considerable opacity, and may be substituted for ceruse, when 
prepared in a mode analogous to the new process for that 
substance; namely, by supplying sulphuric add, in a gradual 
manner, to a thick mixture of litharge and water containing 
a small proportion of acetate of lead. In this manner the 
sulphate of lead may be obtained united with any desirable 
excess of oxide of lead. 

NUraie of lead; PbO.NOg; 16556 or 2069-5. — Obtained 
by dissolving litharge, at the boiling point, in slightly diluted 
nitric acid, which should be free from hydrochloric and sul« 
phuric acids. The neutral nitrate crystallises in large octo- 
hedrons, with the secondary faces of the cube, sometimes 
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transparent^ although generally white and opaque. The cryatala 
are anhydrous ; they are soluble m 7^ times their weight oi 
oold^ and in a much smaller quantity of hot wat^. Nitrate 
of lead is decomposed by an incipient red heat, yielding a 
mixture of oxygen gas and peroxide of nitrogen (which is pre- 
pared in this way), and leaving the yellow oxide of lead. 
When a small quantity of ammonia is added to nitrate of lead, 
or when a dilute solution of the neutral salt is boiled with 
oxide of lead in fine powder, a soluble bibasic nitrate of lead 
is formed PbO.NOs + PbO. It crystallises during evi^ration 
in fine scales, or in little opaque grains, which are anhydrous. 
The granular crystals decrepitate when heated, with extraor- 
dinary force. The triba$ic nitrate qf lead precipitates when 
ammonia is added in very slight excess to a solution of 
nitrate of lead. Its constituents are 2(3PbO.N05)+8HO 
(Berzelius). It is a white powder, which is soluble to a small 
extent in pure water. When nitrate of lead is digested with 
a considerable excess of ammonia, the decomposition stops at 
the point at which 6 eq. of oxide of lead are combined with 
1 eq. of nitric acid. The sexbasic nitrate of lead contains 
2(6PbO.N05) + 3HO (Berzelius). 

Nitrites of lead. — When a solution of 100 parts of nitrate 
of lead is boiled with 78 parts of metallic lead in thin turn- 
ings, the lead is dissolved, and a little nitric oxide is evolved, 
in consequence of a partial decomposition of nitrous acid 
previously formed. The solution is alkaline and yellow ; and 
gives, on cooling, brilliant crystalline plates of a golden yellow 
colour, which consist of the bibasic nitrite of lead, 2PbO.N03. 
By dissolving 100 parts of this salt in water at 167* (75* C), 
and then mixing with the solution 83 parts of oil of vitriol, 
previously diluted with four times its weight of water, one 
half of the oxide of lead is precipitated as sulphate of lead, and 
a solution is obtained of a deep yellow cdiour, firom which the 
neutral nitrite of lead, PbO.NOg + HO, crystallises. This salt 
gives yellow crystals, resembling the nitrate in form. Its 
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scdution absorbs oxygen from the air, and, like all the nitrites, 
giyea off nitric oxide at 176^ (80° C.)> while a subni^te of lead 
jHrecipitates. Berzelius, to whom we are indebted for the 
preceding facts, also formed a quadribaric nitrite of lead, con- 
taining NOs.4PbO-|-HO, by boiling 1 part of nitrate of lead, 
and li parts or more of metallic lead, in a long-necked flask 
for 12 hours, then filtering and leaving the solution to crys- 
talliae by cooling : it thus yields pale, flesh-coloured, silky 
needles, or, if rapidly cooled, a white powder. 

The nitrites of lead have also been examined by other 
chemists, who haye obtained results differing irom those of 
Beraelius. Thus, P^ligot and others found that Berzelius's 
bifaasic nitrite contains the elements of 2 eq. of oxide of lead, 
1 eq. of hyponitric acid, NO4, and 1 eq. of water. Gerhardt 
therefore regards it as a compound of bibasic nitrate and 
bibasic nitrite of lead : — 

2(PbO.N04) = 2PbO.N03 + 2PbO.N05. 
and expresses its formation by the equation : — 

2(PbO.N05) + 2Pb = 2PbO.NOj + 2PbO.N03. 

If the action of the metallic lead be further continued, a fresh 
portion of nitrate is deoxidised, and the result is an orange- 
coloured salt, containing 7Pb0.2N04 (Pfligot), which G-erhardt 
regards as a double salt more basic than the former : 

7Pb0.2N04 = 4PbO.N03 + SPbO.NO^. 

Finally, by the continued action of the lead, the subnitrate 
contained in these two salts is likewise reduced, and a sub- 
nitrite is formed, viz., either Berzelius's quadrobasic salt, 
4PbO.N03, or a bibasic nitrite 2PbO.N03, obtained by 
Bromeis. The last salt crystallises in long golden-yellow 
needles containing 1 eq. of water.* 

Phosphate of lead. — On mixing nitrate of lead with ordi- 

* For a more detailed account of the nitrates and nitritei of lead, see 
Ghnelm'a Handbook, Tmiulaiion, y. 162--157. 
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naiy phosphate of soda, a precipitate is fonned oontaining the 
two salts SPbO.POg and 2PbO.HO.PO5. The latter is obtained 
pure by precipitating a boiling solution of nitrate of lead with 
pure phosphoric acid. This salt dissolves in nitric acid and 
fixed alkalies, but very sparingly in acetic acid; amm<mia 
converts it into SPbO.POg. It fuses readily before the blow- 
pipe, and crystallises on cooling in well defined polyhedrons. 
When strongly ignited with charcoal, it gives off phosphorus 
and carbonic oxide, and leaves metallic lead. 

CUorite of lead, PbO.ClOj, is obtained in sulphur-yellow 
crystalline scales by precipitating nitrate of lead with an excess 
of chlorite of baryta containing free chlorous acid. It decom- 
poses at 259^ with a kind of explosion, and sets fire to 
flowers of sulphur triturated with it. Sulphuric acid diluted 
with an equal weight of water, decomposes it, especially between 
104^ and 122°, evolving pure chlorous acid gas, and leaving 
88*75 per cent, of sulphate of lead (Millon). 

Chlorate of lead, PbO.ClOg + HO, is obtained by cooling a 
hot solution of oxide of lead in aqueous chloric acid, in rhom- 
boidal prisms belonging to the oblique prismatic system, and 
isomorphous with the analogously constituted crystals of 
chlorate of baryta. These crystals, when heated, leave the 
yellow oxychloride Pb0.2PbCl (Vauquelin, Wachter, Vogel). 

Perchlorate of lead, PbO.ClO^.— The solution of oxide of 
lead in warm aqueous perchloric acid, yields small prisms 
having a sweet but highly astringent taste, soluble in their 
own weight of water, but not deliquescent (Serullas). By boiling 
a concentrated solution of this salt with carbonate of lead, a 
solution of a basic salt is obtained, which if the excess of 
base is very large, yields by evaporation, dull, indistinct 
crystals, which are resolved by water into a solution of bibasic 
salt, and a white insoluble residue. When the excess of base 
is less, or when the solution of the bibasic salt is left to evapo- 
rate, crystals of two different forms are obtained ; both, how- 
ever, containing 2PbO.C107 + 2HO (Marignac). 
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Chhrcphasphate of lead, PbCl + 3(3PbO,P05), occ\m as 
pfrcmorpbite and green and brown lend- ore. The crystals 
belong to tbe hexagonal system^ and have the hardness of 
apatite. It fuses readily^ and on cooling solidifies with vivid 
incandescence into an angular crystalline mass. In some of 
these ores^ the chloride of lead- is partly replaced by fluoride 
of calcium, and the triphosphate of lead by the triphosphate 
of calcium or trisarseniate of lead. The calcareous ores may 
be regarded as mixtures of apatite and pyromorphite. The 
same compound containing, however, an atom of water, is 
formed artificially on pouring a boiling solution of chloride of 
lead into a boiling solution of phosphate of soda, the latter 
being in excess (Heintz). When, on the contrary, a boiling 
solution of phosphate of soda is poured into an excess of 
chloride of lead, a precipitate is formed, which, according to 
Heintz, is 2(3PbO.P05)+PbCl, but, according to Gerhardt, 
gPbO.HO.POfi + PbCl. 

Acetate of lead, PbO.(C4H303) I-8HO.— This salt is met 
with well crystallised, and in a state of great purity, in com- 
merce. It is generally prepared by dissolving litharge in the 
acetic acid procured by the distillation of wood. It crystal- 
lises in flattened four-sided prisms ; has a taste which is first 
sweet and then astringent ; is very soluble in water, 100 parts 
of water dissolving 59 of the salt at 60^; and dissolves in 8 parts 
of alcohol. It effloresces iu air, and is apt to be partially 
decomposed by the carbonic acid of the air, and thus to become 
partially insoluble. It loses the whole of its water when dried 
at the usual temperature in vacuo. M. Payen crystallised the 
anhydrous acetate from solution in absolute alcohol. 

Tribasic subacetate of lead, PbO.{C4H303) + 2PbO,is formed 
by digesting oxide of lead in a solution of the neutral salt, till 
it is strongly alkaline. This salt does not crystallise when so 
prepared, but may be dried, and then contains no water. It 
is very soluble, but must be dissolved in distilled water, as the 
carbonic, hydrochloric and other acids in well water precipi- 
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tate its oxide of lead. M. Payen bas observed that the tiibasic 
subacetate crystalliseB readily^ in fine prismatic needles^ when 
formed by adding ammonia to a moderately strong solu- 
tion of the neutral acetate. The crystals contain 1 eq. of 
water^ which they lose at 212^. The acetate of ammonia^ 
formed at the same time, appears to give stability to the sub- 
acetate of lead in solution, and prevents ip excess of a whole 
equivalent of ammonia from throwing down any oxide of lead 
from the solution. This ammoniacal solution of the subacetate 
of lead, prepared without an excess of ammonia^ is a con- 
venient; form in which to apply that salt as a reagent.* 

Sesquibasic acetate qflead, 8Pb0.2(C4H303) + HO.— This 
salt was obtained by Payen by adding 1 eq. of the neutral 
acetate to a concentrated and boiling solution of 1 eq. of the 
tribasic acetate. It is also produced when the neutral and 
anhydrous acetate of lead is heated in a retort or porcelain 
capsule, till the whole, after being liquid, becomes a white and 
porous mass. The sesquibasic acetate is then formed by the 
decomposition of 3 eq. of neutral acetate of lead, from which 
there separate the elements of 1 eq. of acetic acid, in the 
form of carbonic acid and acetone (Matteucci and Wohler). 
This basic salt is very soluble, and crystallises in plates of a 
pearly lustre. Another method of obtaining it is to digest an 
aqueous solution of 2 eq. of the neutral acetate with 1 eq. of 
protoxide of lead free from carbonate, till it dissolves, and 
evaporate the filtrate in vacuo over oil of vitriol. 

A sexbasic acetate of lecul, 6PbO.(C4H303), is formed on 
dropping a solution of the neutral, or of tribasic acetate of 
lead, into excess of ammonia. It is a white precipitate, which 
when examined by the microscope, has a crystalline aspect. 
It contains a little water, which it loses when dried in vacuo. 

A bibasic acetate, 2PbO.(C4H303), is also formed, accord- 



* M^moire sur Ifs Acetates et le Protoxide de Plomb, par IC . Payen, An. 
de Chim. et de Phys. t. Ixvi. p. 87. 
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iQg to Dobereiner and Schindler, by boiling 1 eq. of nentral 
acetate of lead with 1 eq. of the protoxide. 

The common eatractum Satumi of the pharmacopoeias ap- 
pears to consist chiefly of bibasic acetate^ containing more or 
less of the tribasic and sesquibasic salts. 

Allays of lead. — Lead and tin may be fused together in all 
proportions. M. Rndberg finds that these metals combine in 
certain definite proportions^ having fixed points of congela- 
tion : — 

1 atom of lead and 3 atoms of tin^ congeal at 868*6^ 

1 atom of lead and 1 atom of tin^ at 464^. 

2 atoms of lead and 1 atom of tin^ at 518^ 

3 atoms of lead and 1 atom of tin^ at 536^ 

A thermometer placed in a fluid alloy of 1 atom of lead and 
2 atoms of tin^ becomes stationary when the temperature falls 
to 392^ ; a portion then solidifies^ and a more fusible alloy 
separates; the temperature again falls^ and afterwards be- 
comes stationary at 368'6^ the crystallising point of the alloy 
composed of 1 atom of lead and 3 atoms of tin. If the alloy 
contains so much tin that its point of complete congelation is 
below 368*6% the last compound always separates from it at 
that pointy and the thermometer remains stationary for a 
time^ whatever may be the proportion of the metals in the 
alloy.* FlTie solder is an alloy of 2 parts of tin and 1 of lead ; 
it fuses at about 560% and is much employed in tinning 
copper. Coarse solder contains one fourth of tin, and fuses 
at about 500^; it is the substance employed for soldering by 
plumbers. 

Lead^ as reduced from the native sulphide, always contains 
a little silver. The latter is separated by allowing two or three 
tons of the melted metal to cool slowly in a hemispherical iron 
pot, when the lead, as it solidifies, separates in crystals, which 
can be raked out. The silver remains almost wholly in the 

♦ Budberg, An, Ch. Phyi. [2.] xWiii. S63. 
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more fusible portion, or what may be looked upon as the 
mother- liquor of these crystals; so that by this operation 
the argentiferous alloy is greatly concentrated. This mode of 
separation was discovered by Mr. Pattinson of Newcastle. 
To separate the remaining lead^ much of it is converted into 
massicot, by the action of air upon its surface, in the shallow 
furnace used for that preparation ; and the last portions of 
lead are removed by continuing the oxidation upon a porous 
bason or cupel of bone-earth, which imbibes the fused oxide of 
lead, while the melted silver is found in a state of purity upon 
the surface of the cupel, not being oxidable at a high tem* 
perature. 



ESTIMATION OF LEAD, AND METHODS OF SEPABATING IT FROM 

THE PRECEDING METALS. 

Lead may be estimated either as protoxide or as sul- 
phate. For the former mode of estimation, it is best to pre- 
cipitate by oxalate of ammonia, the solution being neutral 
or rendered very slightly alkaline by ammonia. The oxalate 
of lead, after being washed and dried, is then to be ignited 
in an open porcelain crucible, whereby it is converted into 
protoxide. As lead is very easily reduced by carbonaceous 
matter at a red heat, the precipitate must not be ignited 
in contact with the filter ; but the filter, after the greater 
part of the precipitate has been removed firom it^ must be 
held on the point of a fine platinum wire above the cru- 
cible, and set on fire, so that the ashes may drop in ; the 
precipitate may then be added, and the ignition completed. 
The protoxide contains 92*83 per cent, of metallic lead. Lead 
may also be precipitated by carbonate of ammonia, to which 
a little free ammonia has been added^ and the carbonate of 
lead treated as above. 

In precipitating lead as sulphate, if the solution be neutral, 
the precipitation is best efiected by sulphate of soda ; the sul- 
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phate of lead may then be washed on a filter^ dried and 
ignited ; bnt if the solution contains free nitric add^ it is best 
to precipitate by excess of sulphuric acid^ then evaporate to 
dryness^ and ignite till all excess of acid is driven off; treat 
the residue with water to dissolve out any soluble salts that 
may be present ; wash the sulphate of lead on a filter^ and 
then dry and ignite it^ burning the filter separately as above. 
The sulphate contains 68'82 per cent, of lead. 

From the alkalies and earths, and firom manffanese, iron, 
cobalt, rdckel,Rud zinc, lead is easily separated byhydrosulphuric 
acid, the solution being previously acidulated with nitric acid. 
The precipitated sulphide is washed and dried, then placed, 
together with the filter (which should be as small as possible), 
in a porcelain dish, covered over with a glass plate or a funnel, 
and treated with fuming nitric acid, added cautiously and by 
small portions at a time. Violent action takes place, and the 
sulphide of lead is converted into sulphate. A portion may, 
however, be converted into nitrate, with separation of sul- 
phur: hence, to insure complete conversion into sulphate, 
it is necessary to add a few drops of strong sulphuric acid. 
The product must then be strongly ignited to drive off the 
excess of sulphuric acid, and bum away the remaining organic 
matter of the filter. 

From cadmium and copper, lead is easily separated by sul- 
phuric acid. ^ 
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ORDER V. 

OTHER METALS PROPER HAVTNG ISOMORPHOUS RELATIONS 

WITH THE MAGNESIAN FAMILY. 



SECTION I. 

TIN. 

Eq. 58-82 or 785-25; Sn [stannum). 

Tin does not occur native, but its common ore is reduced 
by a simple process, and mankind appear to have been in 
possession of this metal from the earliest ages. The most 
productive mines of tin are those of Cornwall, from which 
the ancients appear to have derived their principal supply 
of this metal, and those of the peninsula of Malacca and 
island of Banca in India. 

The only important ore of tin is the bioxide, which is found 
in Cornwall, both in veins traversing the primary rocks, and 
in alluvial deposits in their neighbourhood. In the latter 
case, the ore presents itself in rounded grains of greater or 
less size^ which form together a bed covered by clay and 
gravel. This ore has evidently been removed fipom its original 
situation, and the grains rounded by the action of water, 
which has at the same time divested it of the other metallic 
ores with which it is accompanied in the vein; these being 
softer are more easily reduced to powder, and have been 
carried away by the stream. This ore, called stream tin, is 
easily reduced by coal, and gives the purest tin. The metal 
fipom the ore of the veins is contaminated with iron, copper, 
arsenic, and antimony, from which a portion of it is par- 
tially purified by liquation. Bars of the impure metal are 
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exposed to a moderate heat^ by whicb the pure tin is first 
melted^ and separates it from a less fusible alloy containing 
the foreign metals. The purer portion is called grain tin, 
and the other^ ordinary tin or block tin. The mass of grain 
tin is heated till it becomes brittle^ and then let fall from 
a height. By this it splits into irregular prisms, somewhat 
resembling basaltic columns. This splitting is a mark of the 
purity of the tin, for it does not happen when the tin is 
contaminated by other metals. 

Pure tin is white, with a bluish tinge, very soft, and so 
malleable, that it may be beaten into thin leaves, tinfoil not 
being more than 1-lOOOth of an inch in thickness. When 
a bar of tin is bent, it emits a grating sound, which is cha- 
ractemtic; and when bent backwards and forwards rapidly, 
several times in succession, becomes so hot that it cannot 
be held in the hand. At the temperature of boiling water, 
tin can be drawn out into wire, which is very soft and 
flexible, but deficient in tenacity. The density of pure tin is 
7'285, or 7'298 after being laminated; that of the tin of com- 
merce is said to vary firom 7'56 to 7*6. Its point of fusion is 
442°, according to Crichton and Budberg; 4456°, according 
to KupfTer. Tin is volatile at a very high temperature. The 
brilliancy of the surface of tin is but slowly impaired by 
exposure to air, and even in water it is scarcely acted upon. 
Hence the great value of this metal for culinary vessels, and 
for covering the more oxidable metals, such as iron and copper, 
when employed as such. Three oxides of tin are known, the 
protoxide SnO, sesquioxide Sn^O,, and bioxide Sn02. 

Protoxide of tin, Stannous oaAde ; SnO, 6682 or 835-25. 
Tin dissolves in undiluted hydrochloric acid, at the boiling 
temperature, by substitution for hydrogen, and forms the pro- 
tochloride of tin. From this the protoxide is precipitated by 
an alkaline carbonate, as a white hydrate, which may be 
washed with tepid water and dried at a temperature not ex- 
ceeding 176°. It does not contain a trace of carbonic acid. 

K 2 
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This white powder dried more strongly in a retort filled with 
carbonic add, and heated to redness, gives the anhydrous 
oxide as a black powder, the density of which is 6*666. In 
this state, the oxide is permanent ; but if a body at a red 
heat is brought in contact with it in open air, it takes fire and 
bums, and is entirely converted into bioxide. If hydrated stan- 
nous oxide be boiled with a quantity of potash not sufficient 
to dissolve it entirdy, the undissolved portion is converted 
into small, hard, shining, black crystals of anhydrous stan* 
nous oxide, which, when heated to 392"^, decrepitate, swell 
up, fall to pieces, and are converted into an olive-green 
powder, consisting also of the anhydrous protoxide. Again, 
on evaporating a very dilute solution of sal-ammoniac, in 
which hydrated stannous oxide is diffiised, that compound 
is converted, as soon as the sal-ammoniac crystallises, into 
anhydrous stannous oxide, having the form of a cinnabar- 
coloured powder. There are, therefore, three modifications 
of stannous oxide, black, olive-green, and red (Fremy). The 
red modification is also obtained by digesting thoroughly 
washed hydrated stannous oxide at a temperature of 133^, in 
a slightly acid solution of stannous acetate, having a density 
of 106 (Roth), 

Protoxide of tin dissolves in acids, and with more faci* 
lity when hydrated than after being ignited. This oxide is 
also dissolved by potash and soda, but the solution after 
a time undergoes decomposition; metallic tin is deposited^ 
and the bioxide is found in solution. The solution of a 
stannous salt, and of a stannic salt also, is apt to undergo 
decomposition, when largely diluted with water^ and to 
deposit a subsalt. Stannous salts absorb oxygen from the 
air, and have a great aflinity for that element ; they convert 
the sesquioxide of iron into protoxide, and throw down mer- 
cury, silver and platinum in the metallic state from their 
solutions. Chloride of gold produces a purple precipitate in a 
stannous salt, consisting, it is believed, of the bioxide of 
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tin in combination with protoxide of gold, a test by which the 
protoxide of tin may always be distinguished. Hydrosulphuric 
add produces in neutral or add solutions of stannous salts, 
a brown-black precipitate of protosulphide of tin, which, when 
gently heated with a considerable quantity of sulphide of am- 
monium containing excess of sulphur, is converted into the 
bisulphide and dissolved; acids added in excess to this solu- 
tion precipitate the yellow bisulphide. Caustic alkalies and 
alkaline carbonates, added to stannous salts, throw down a 
white precipitate of hydrated stannous oxide, soluble in caustic 
potash or soda^ but not in ammonia. Ferrocyanide of potas* 
skum produces a white precipitate, soluble in hydrochloric 
acid. 

Protosulphide of tin, SnS, is formed when sulphur is mixed 
with tin heated above its melting point ; it is also obtained 
in small dark grey crystalline laminse, of sp. gr. 4'973, by 
adding the hydrated sulphide precipitated from a stannous 
salt by hydrosulphuric acid, to anhydrous protochloride of tin 
in the melted state, and removing the excess of the proto- 
chloride with dilute hydrochloric acid. It is decomposed by 
dilute hydrochloric acid, with evolution of hydrosulphuric acid. 

Protochloride of tin, Salt of tin; SnCl. — This salt may be 
obtained in the anhydrous state by gradually heating a 
mixture of equal weights of calomel and tin, and finally dis- 
tilling the protochloride at a strong red heat. The fused 
mass on cooling forms a grey solid, of considerable lustre, and 
having a vitreous fracture. The hydrated chloride, known 
in commerce as salt of tin, is procured by evaporating the 
solution of tin in concentrated hydrochloric acid to the 
point of crystallisation. It is thus obtained in needles, or 
in larger four-sided prismatic crystals containing 2 eq. of 
water. They fuse between 100* and 105**. The specific 
gravity of the crystals is 2*710 at &f ; that of the fused mass 
at 100^, is 2-688 (Penny). The salt parts with the greater 

portion, if not the whole of its water at 212^ but if distilled 
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at a higher temperature^ loses hydrochloric add also^ and 
leares an oxychloride of tin. It dissolves completely in a 
small quantity of water ; but when treated with a large quan- 
tity^ is partly decomposed, hydrochloric acid being dissolved, 
and a light milk-white powder separating, which is a basic 
chloride, or oxychloride, SnCl.SnO + 2HO. Both the crys- 
tals and the solution absorb oxygen from the air, and then a 
basic salt of the sesqmoxide is formed which is also insoluble 
in water. From both these causes, a complete and clear solu- 
tion of the salt of tin is rarely obtained, unless the water is 
previously acidulated with hydrochloric acid. This salt is en- 
tirely soluble in caustic alkali, but the solution is liable to an 
ulterior change already mentioned. One part of crystallised 
protochloride of tin dissolved, together with 3 parts of tartaric 
acid, in a sufficient quantity of hot water, and carefully neu- 
tralised with potash, forms a clear solution, which may be 
boiled and mixed with any quantity of water without becoming 
turbid: the white precipitate which forms in it on the addition 
of a little more potash, especially on heating, is redissolved 
by a larger quantity of potash (R. Schneider). 

When protochloride of tin is heated with a mixture of 
hydrochloric and sulphurous acids, a yellow precipitate of bi- 
sulphide of tin is formed: 6SnCl + 2S02 + 4HCl=SnS2 + 
5SnCl2 -r 4HO. This reaction serves as a test for sulphurous 
acid. 

The protochloride of tin is used in calico-printing, not only 
as a mordant, but also as a deoxidising agent, particularly to 
deoxidise indigo, and to reduce to a lower state of oxidation 
and discharge the sesquioxides of iron and manganese fixed 
upon cloth. 

Protochloride of tin and potctsHum ; SnCl.KCl. — Proto- 
chloride of tin forms a double salt with chloride of potassium, 
and also with chloride of ammonium, which compounds crys- 
tallise in the anhydrous state, and also with 3 eq. of water, 
or, according to Rammelsberg, with only 1 equivalent. 
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Anhydrous protochloride of tin fused in ammoniacal gas^ 
absorbs half an eqaivalent of that gas^ according to Fersoz^ 
forming 2SnCLNHs, or rather perhaps SnCL(NH3Sn)Cl. 

Protiodide of tin, Snl^ is formed by heating a mixture of 
granulated tin and iodine. It is obtained in beautiful shining 
yellowish red prisms by gently boiling concentrated hydriodic 
acid with strips of tinfoil in a long glass tube for a day^ or 
more readily by heating the acid with the tin in a sealed glass 
tube to a temperature of 248^^ or at most 302^ for an hour ; 
after coolings the remaining portion of tin is found to be 
covered with crystals. When tinfoil and iodide of amyl were 
heated together in a sealed tube for a day to 356^^ the tinfoil 
became covered with yellowish-red quadratic octohedrons at 
the part where the tube cooled moat quickly ; but at the part 
which was immersed in the oil-bath^ and therefore cooled more 
slowly, the metal was covered with sulphur-yellow prisms, 
which became yellowish-red when taken out (Wohler). 
Stannous iodide was found by Boullay, jun., to form double 
salts with other iodides, particularly with the iodides of the 
alkaline and earthy metals, in which two atoms of the stannous 
iodide are combined with one of the other iodide. 

Carbonic acid does not combine with either of the oxides 
of tin. 

Protomlphate of tin, SnO.SOg. — Tin dissolves in sulphuric 
acid, concentrated or a little diluted, yielding a saline mass, 
which forms a brown solution in water and deposits small 
crystalline needles on cooling. 

Protonitrate of tin, SnO.NOj, is obtained by dissolving 
hydrated protoxide of tin in nitric acid ; the solution cannot 
be concentrated and is easily altered. 

Tartrate of potash and tin, KO.SnO.(C8H40,o) or 
C8H4(KSn)0i2. — Bitartrate of potash dissolves protoxide of 
tin, and forms a very soluble salt of potash and tin, which, like 
most of the tartrates, is not precipitated either by caustic 
alkalies or by alkaline carbonates. An addition of bitartrate 
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of potash is occasionally made to the solution of tin used 
in dyeing. 

Sesquiowide of tin, Sn203. — ^Was obtained by M. Fuchs, by 
diffusing recently precipitated sesquioxide of iron in a solution 
of protochloride of tin containing no excess of acid, and 
afterwards boiling the mixture. A double decomposition 
occurs, in which sesquioxide of tin precipitates, and proto- 
chloride of iron is retained in solution : 

2SnCl + Fe^Os == SuaOg + 2FeCl. 

The sesquioxide thus obtained is a slimy grey matter, and 
usually yellow from adhering oxide of iron. Ammonia dis- 
solves it easily, and without residue, a character which distin- 
guishes this oxide fix)m the protoxide of tin, the latter being 
insoluble, or nearly so, in that menstruum. Sesquioxide of 
tin is dissolved by concentrated hydrochloric acid; the taste 
of the solution is not metallic. It is distinguished from a salt 
of the bioxide of tin, by producing the purple precipitate witli 
chloride of gold. A sesquisulphide exists, corresponding with 
this oxide. The salts of sesquioxide of tin have not been 
examined. 

Bioxide of tin, Stannic oxide, SnOj, 74*82 or 935*25.— This 
constitutes the common ore of tin, which is generally crjrstal- 
lised. The crystals of tinstone are sometimes brownish-yellow 
and translucent, at other times dark brown and almost black, 
and contain small quantities of the protoxides of iron and 
manganese. * Their primitive form is an obtuse octohedron 
with a square base ; their density from 6*92 to 6*96. Bioxide 
of tin in this state does not dissolve in acids, unless previously 
ignited with an alkali. Anhydrous stannic oxide may be ob- 
tained in colourless crystals derived from a right rhomboidal 
prism, which scratch glass, and have a density of 5*72, by de- 
composing vapour of bichloride of tin with water at a red heat. 
These crystals are isomorphous with one of the native varieties 
of titanic acid (brookite), whereas the crystals of native tin- 



BIOXIDS OF TIN. 187 

stone are isomorphous with another variety of titanic acid 
(rutile) . 

Bioxide of tin is susceptible of two modifications called 
Hannic and metastannic udd, distinguished from one another 
by the proportions of water and metallic oxide with which 
they combine. 

Stannic acid, or Hydrated stannic oxide, SnOj.HO^ is ob- 
tained by decomposing bichloride of tin with water, or by 
precipitating a soluble stannate with an add. ' It is white^ 
gelatinous, insoluble in water, but dissolves readily in dilute 
acids. ' A moderate heat converts it into metastannic acid. 
At a red heat, it gives off all its water, and becomes very hard. 

Solutions of stannic oxide in acids (the hydrated bichloride 
for example), are decomposed by zinc and cadmium, the tin 
being precipitated in an arborescent form. Hydrosulphuric 
add and sulphide of ammxmium throw down the yellow bisul- 
phide soluble in alkalies and in sulphide of ammonium. Am- 
monia throws down a white bulky hydrate, soluble with some 
turbidity in a large excess of ammonia. The presence of 
tartaric acid prevents the precipitation. Potash throws down 
a white bulky hydrate (probably containing potash), easily 
soluble in excess. Carbonate of potash gives a white precipi- 
tate, consisting, according to Fremy, of stannate of potash, 
which dissolves in excess of the reagent, but separates com- 
pletely after a while. Bicarbonate of potash and sesquicar- 
bonate of ammonia throw down the hydrated oxides, insoluble 
in excess of the reagent. Chloride of gold gives no preci- 
pitate with stannic salts. 

All salts of tin are easily reduced to the metallic state when 
heated on charcoal before the blowpipe with carbonate of soda 
or cyanide of potassium. 

The compounds of stannic acid with bases are represented 
by the general formula MO.SnOj. The stannates of the 
alkalies crystallise readily, and may be obtained in the anhy- 
drous state. They are prepared by dissolving stannic acid in 
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alkalies^ or by calcining metastannic acid or the metaatannates 
in contact with an excess of base. Stannate of potash, KO. 
Sn03-|-4HO, is white, very soluble in water, insoluble in 
alcohol ; it crystallises in oblique rhomboidal prisms, which 
are transparent, sometimes very large, and slowly absorb 
moisture fix>m the air. It has a caustic taste and strong alka- 
line reaction. Water appears to decompose it after a while 
into potash and metastannate of potash. It is precipitated 
from its solution by nearly all soluble salts, even by those 
of potash, soda and ammonia. Stannate of soda, NaO.SnO, 
+ 4H0, resembles the potash- salt, and is obtained in a similar 
manner. It crystallises in hexagonal tables, dissolves in cold 
more readily than in hot water, is insoluble in alcohol, and 
has a strong alkaline reaction (Fremy). 

The stannates of all other bases are insoluble in water, and 
may be formed by double decomposition. The sesquioxide of 
tin may be regarded as a stannate of stannous oxide, SnO.SnO^ 
(Fremy). 

Metastannic acid, Snfi^Q, — ^Tin treated with strong nitric 
acid is completely transformed into a white powder, which, 
when dried in the air at ordinary temperatures, contains 
SugOiQ.lOHO ; after being heated for some time to 212®, it is 
reduced to SngOjo.SHO. It is white, crystalline, insoluble in 
water, and in dilute nitric acid and sulphuric acid. Monohy- 
drated sulphuric acid dissolves it in considerable quantity, 
forming a compound which is not decomposed by water or 
alcohol. It dissolves in dilute hydrochloric acid, forming a 
liquid, which, when treated with excess of acid, yields a white 
amorphous precipitate, differing considerably from hydrated 
bichloride of tin. Metastannic acid also combines with certain 
organic acids. The acid prepared with nitric acid is completely 
insoluble in ammonia, but when dissolved in potash and pre- 
cipitated by an acid, it becomes gelatinous and soluble in 
ammonia ; in that state, it contains more water than in the 
crystalline state ; but by the slightest desiccation, or evcQ by 
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boiling for a few minutes^ it gives up part of its water^ and is 
reconverted into the modification insoluble in ammonia. Other 
hydrate^ of metastannic acid appear also to exists possessing 
different properties. 

The metastannates are represented by the general formula 
(MO,4HO.) SugOjQ. They can only exist in the hydrated 
state^ being decomposed when deprived of their basic water. 
The potash and soda-salts^ heated with excess of base^ are 
transformed into stannates. They are soluble in basic water. 
!%€ other metastannates are insoluble^ and are obtained 
by double decomposition. Metftstannate of potash, (K0.4H0). 
Sn^Oio^ is prepared by dissolving metastannic acid in cold 
potash ; it may be precipitated in the solid state by adding 
pieces of potash to the liquid. It is gummy^ uncrystallisable^ 
and strongly alkaline. At a red heat^ it gives ofiF its water 
and is decomposed ; the calcined mass^ digested in water^ yields 
up all its alkali and leaves insoluble metastannic acid. The 
ioda-salt, (Na0.4HO).Sn50iQ, closely resembles the potash- 
salt^ but is crystalline, dissolves slowly in water^ and is decom- 
posed by boiling water. Metaatannate of stannous oaAde, 
(Sn0.4HO).Sn50io, is obtained by placing metastannic acid 
in contact with protochloride of tin. It is yellow, and in- 
soluble in water ; when heated in contact with the air, it is 
transformed into anhydrous stannic acid (Fremy). 

Oxide of tin is employed in the preparation of the white 
glass known as enamel ; and the ignited and finely levigated 
oxide forms jeweller's putty, which is used in polishing hard 
objects. The hydrated oxide resembles alumina in forming 
insoluble compounds with the organic colouring matters; hence 
its salts are much prized as mordants. 

Bisulphide of tin, Stannic sulphide, SnSs, is precipitated from 
stannic salts, of a dull yellow colour, by hydrosulphuric acid 
gas. Prepared in the dry way, by igniting a mixture of stannic 
oxide, sulphur, and sal-ammoniac in a covered crucible, it 
forms the avarum musivum or mosaic gold of the alchemists. In 
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this operation^ the sal-ammoniac is indispensable^ although it 
seems to serve no other purpose than to prevent the elevation 
of temperature which results from the sulphuration. Mosaic 
gold when well prepared has the yellow colour of gold, and con- 
sists of brilliant translucent scaleSi which are soft to the touch. 
No acid dissolves it, except aqua-regia. It is decomposed by 
dry chlorine, yielding the compound SnCl^.SCl^. 

Bichloride of tin, Permuriate of tin, Stannic chloride, SnCl^ ; 
129-82 or 1622-75.— The anhydrous bichloride of tm, known 
as the fuming liquor of Libavius, is procured by distilling, at 
a gentle heat, a mixture of 4 parts of corrosive sublimate and 
1 part of tin in filings, or tin amalgamated with a little 
mercury, and then reduced to powder. A colourless, highly 
limpid liquid is found in the condenser, which fumes strongly 
in humid air. The bichloride boils at 248^; the density of 
its vapour, observed by Dumas, is 9*1997. It forms a solid 
saline mass with one third of its weight of water, and dissolves 
in a larger quantity of water. The same salt is obtained in 
solution, by conducting a stream of chlorine gas into a strong 
solution of the protochloride of tin, till the latter is saturated^ 
which is shown by the solution ceasing to precipitate mercury 
from a solution of corrosive sublimate. A solution of this salt 
extensively used in dyeing, and known as the nitromuriate of 
tin, is generally prepared by oxidising crystallised protochloride 
of tin with nitric acid ; or by dissolving tin in a mixture of 
hydrochloric and nitric acids, avoiding any considerable eleva- 
tion of temperature. 

Ammonio-bichloride of tin, SnClj.NHg or (NH3Sn)Cla. — ^An- 
hydrous bichloride of tin absorbs ammoniacal gas, and forms a 
white powder, which may be sublimed without decomposition ; 
after sublimation it is entirely soluble in water (Rose). 

Chlorosttlphide of tin, SnS2.2SnCl^. — Hydrosulphuric acid 
gas is rapidly absorbed by bichloride of tin, with formation of 
hydrochloric acid gas : 

SSnCla + 2HS = SnSa.2SnCla + 2HCL 
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The compound obtained by perfect saturation irith hydro- 
sulphuric add is a yello^nsh or reddish liquid^ heavier than 
water. When heated, it gives off bichloride of tin, and leaves 
the bisulphide (Dumas). 

Bichloride of tin and sulphur, SnCl2.2SCl2. — Formed by 
the action of chlorine gas on bisulphide of tin at ordinary 
temperatures : 

SnSa + 6C1 = SnCl2.2SCla. 

Lai^e yellow crystals, which fuse when heated, and sublime 
without decomposition; they fume in the air more strongly 
than the bichloride. 

Bichloride of tin with Pentachloride of phosphorus, 2SnCl2. 
PClg. — When a mixture of the last-described compound with 
terchloride of phosphorus is moderately heated in a stream of 
hydrochloric acid gas, a rapid action takes place, and this 
compound is formed, together with other products : 

2(SnCl2.2SCy + 8PCI3 = 2SnCl2.PCl5 + 2PCI5 + 2S2CI. 

K the retort in which the action takes place is comiected 
with a receiver surrounded with ice, a pasty, yellowish mass 
collects in the receiver, and an amorphous white body remains 
in the retort. On heating the yellowish mass to between 
212*^ and 250% dichloride of sulphur escapes, and there re- 
mains a mixture of pentachloride of phosphorus with the 
double chloride, identical, in fact, with the amorphous white 
mass in the retort. On heating this mixture to a tempe- 
rature between 284^ and 320% the pentachloride of phosphorus 
is also driven off, leaving the double chloride, which sublimes 
between 392^ and 428% in highly lustrous colourless needles, 
which, however, soon crumble to an amorphous powder, even 
when kept in close vessels. The compound fumes strongly 
in the air, and rapidly absorbs water, being thereby converted 
into transparent colourless crystals containing water of crys- 
tallisation.* 

* Caflfelmftnn, Atm. Ch. Phanfi. Ixxxiii. 257. 
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Bichloride of tin with Oxychloride of pfw^homs, 2SnCl<| 
+ PO^Clj. — Obtained by the action of oxychloride of phos- 
phorus on bichloride of tin : if an excess of either substance 
is present, the compound separates in large isolated crystals. 
It has a peculiar odour, melts at 131^, and boils at 356^, and 
distils without alteration if kept from contact with moist air. 
It fumes in the air and is decomposed by water. When 
oxychloride of phosphorus comes in contact in a close vessel 
with the compound SnC1^.2SCl^ the whole dissolves, forming 
a ydlowiBh liquid, from vhich, after a ^hUe, the compound 
2SnCl2 . PO2CI3 crystallises; and above the crystals there 
remains a yellow liquid, probably SCl^ (Casselmann). 

Bichloride of tin with Phosphuretted hydrogen^ SSnCl^.PHj. 
— These two bodies imite without production of hydrochloric 
acid; the compound is solid (Rose). 

Bichloride of tin with potassium, SnClg.KCl. — The solution 
of bichloride of tin, when mixed with an equivalent quantity 
of chloride of potassium and evaporated, yields this double 
salt in anhydrous regular octohedrons having a vitreous lustre. 
A similar double salt is formed with chloride of ammonium. 

A sulphate and nitrate of bioxide of tin, have been crystal- 
lised; this base forms no carbonate. 

Both the sulphide and bisulphide of tin act as sulphur-acids^ 
combining with alkaline sulphide. The bisulphide of tin 
dissolves with digestion in sulphide of sodium, and the con- 
centrated solution yields fine crystals of the salt, 2NaS.SnS2 
+ 12H0. By gradually adding tin to melted pentasulphide 
of sodium, treating the resulting mass with water, and then 
filtering and evaporating, yellowish octohedral crystals are 
obtained, containing NaS.SnS^ + 2H0.* The bisulphide 
of tin is found combined with the subsulphides of copper 
and iron, forming tin pyrites, a rare mineral, 2Fe2S.SnS2 
+ 2CuaS.SnSa. 

Alloys of tin, — Tin alloyed with small quantities of anti- 

* KQhn, Fogg. Ann. Ixxxr. 293. 
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monj, copper, and biBmuth, fornia the best kind of pewter, 
possessing the peculiar whiteness of metallic tin. The 
most fusible compound of tin and bismuth is that of an atom 
of each metal, Bi.Sn ; it melts at 289*4'' (Rudberg). When 
the metals are mixed in other ratios, a portion first congeals 
at a higher temperature, separating firom the compound 
mentioned, which remains liquid till the temperature falls to 
289'4^« Although tin precipitates copper from its solutions 
in acids, yet it is possible to precipitate tin upon copper, and 
to cover the latter with tin, as is proved by the tinning of 
pins. Tin is dissolved in a mixture of 1 part of bitartrate of 
potash, 2 of alum, 2 of common salt, and a certain quantity of 
water, and the pins which consist of brass wire are introduced 
at the boiling temperature. The pins undergo no change in 
this liquor, supposing it to contain no undissolved tin, but 
the moment a fragment of tin touches the pins, all those in 
contact with each other are tinned. Dr. Odlings finds that 
pure copper boiled in a moderately dilute and rather acid 
solution of stannous chloride, also becomes coated with tin.* 

ESTIMATION OF TIN, AND METHODS OF BEFA&ATINa IT FROM 

THE PRECEDING METALS. 

Tin is estimated in the state of bioxide, a compound which 
contains 78*62 per cent, of the metal. If the tin is united 
with other metals in the form of an alloy, the alloy must be 
treated with nitric acid of sp. gr. about 1*3. The tin is then 
converted into bioxide, while the other metals (with the ex- 
ception of antimony) are dissolved by the acid. The oxide 
of tin must then be thoroughly washed, afterwards dried, 
ignited, and weighed. To insure complete oxidation, the 
alloy should be finely divided. 

When the tin is in solution in hydrochloric acid (which is 
its usual solvent) it must first be precipitated as a sulphide 

• Chem. Soc. Qu. J. ix. 291. 



144 ALLOYS OF TIN. 

by hydroBulphuric acid, and the sulphide then converted 
into bioxide by roasting in an open porcelain crucible, a small 
quantity of nitric acid being added to insure complete oxida- 
tion. 

Precipitation by hydrosulphuric acid serves also to separate 
tin from all metals which are not thrown down by that 
reagent from their acid solutions. 

From cadmium, copper, and lead, tin may be separated by 
treating the solution with a slight excess of ammonia, and 
then adding sulphide of ammonium containing excess of sul- 
phur. All the metals are thereby converted into sulphides, 
but the sulphide of tin dissolves, while the others are left 
undissolved. 

Volumetric estimation of tin, — The following method of 
estimating the amount of tin in the commercial protochloride 
is given by Dr. Penny* ; it is based on the conversion of proto- 
chloride of tin into bichloride by the action of chromic add 
in presence of free hydrochloric acid : 

SSnCl -f K0.2Cr03 + 7HC1 = SSnCl^ H KCl + Cr^Cls + 7H0. 

The solution of the tin-salt is mixed with a sufficient quantity 
of hydrochloric acid and gently heated, and a solution of 
bichromate of potash gradually added, till a drop of the liquid 
added to acetate of lead (a solution of 1 part of that salt in 
8 parts of water being scattered in large drops on a porcelain 
plate) produces a faint yellow colour; or till the liquid pro- 
duces a dark brown or red colouring in an acidulated mixture 
of sulphocyanide of potassium and a pure protosalt of iron. 
With the commercial solution of the protochloride of tin, the 
contrary method is adopted ; that is to say, the tin solution, 
diluted and reduced to a definite volume, is poured into a so- 
lution of bichromate of potash containing a known weight of 
that salt. Penny finds, by direct experiments, that 83'2 parts 
of pure bichromate of potash correspond to 100 parts of tin. 

• Chem. Soc. Qu. J. ir. U9. 
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SECTION II. 

TITANIUM. 

Eg. 24-33 or 3037 ; Ti. 

This metal was discovered in 1791, by Mr. Gregor of Corn- 
wall, and afterwards by Klaproth, who gave it the name 
titanium. In the form of titanic acid it constitutes several 
minends, as rutile, anatase, menachanite, &c. ; and as titanate 
of protoxide of iron, it forms ilmenite and other species. 

When titaniferous iron-ores are smelted in the blast furnace, 
small cubic crystals of a bright copper colour are found on 
the slag which adheres to the lower paii; of the furnace. 
These crystals were long supposed to be metallic titanium ; 
but Wohler* has shown that they also contain carbon and 
nitrogen, being, in fact, a compound of cyanide of titanium 
with nitride of titanium, CyTi.SNTig. Pure titanium is 
obtained by heating the double fluoride of potassium and 
titanium with potassium in a covered crucible. The metal is 
then set free with vivid incandescence, and the fluoride of 
potassium may be removed by washing with water. Titanium 
thus obtained is a dark green, heavy, amorphous powder, 
which does not exhibit any shade of copper colour, even after 
pressure ; under the microscope it appears as a cemented mass, 
having the colour and lustre of iron. Metallic titanium is 
also obtained by mixing titanic acid with one-sixth of its 
weight of charcoal and exposing it to the strongest heat of a 
wind-furnace. It was thus obtained in the form of a copper- 
coloured or gold-coloured powder by Vauquelin, Lampadius, 
and others ; but possibly the charcoal which they used may 
have contained nitrogen, and that element united with the 
reduced metal. 

* Ann. Gh. Fbarm. Ixziii. 34. ; Chem. Soc. Qu. J. ii. 852. 
VOL.' II. L 
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Pure titanium (prepared from the double fluoride) burna 
with great splendour when heated in the air^ and^ if sprinkled 
into a flame, is consumed, with brilliant scintillations, at a 
considerable distance above the point of the flame. When 
heated to redness in oxygen-gas, it bums with a splendour 
resembling a discharge of electricity. In chlorine-gas it 
exhibits similar phenomena, requiring also the aid of heat to 
set it on fire. Mixed with red lead and heated, it bums with 
such violence that the mass is thrown out of the vessel, with 
loud detonation. Titanium does not decompose water at 
ordinary temperatar«,, but on heating the Tfater to the boiling 
point, hydrogen begins to escape. Warm hydrochloric acid 
dissolves titanium with brisk evolution of hydrogen. Ammonia 
added to the solution throws down a black oxide ; and, on 
heating the liquid, hydrogen is evolved, and the precipitate first 
turns blue, and is afterwards converted into white titanic 
acid. 

Titanium forms three compounds with oxygen : viz. the 
protoxide^ TiO, whose composition is, however, doubtful; the 
sesquioaide, Tifi^ ; and titanic acid, TiO^. 

Protoxide of titanium, TiO, 32-33. or 4037 — Is formed 
when titanic acid is exposed in a charcoal crucible, to the 
highest temperature of a wind-furnace. Where the acid was 
in contact with the charcoal, a thin coating of metallic titanium 
is formed ; but within, it is changed into a black mass, which 
is insoluble in all acids, and not otherwise affected by them, 
and is oxidated with difficulty when heated in contact with air, 
or by fusion with nitre. Protoxide of titanium is also obtained 
by the moist way, in the form of a deep purple powder, when 
a fragment of zinc or iron is introduced into a solution of 
titanic acid in hydrochloric acid ; but it alters so quickly by 
absorption of oxygen, that no opportunity has yet been ob- 
tained of studying its properties. The composition assigned 
to it above is, therefore, hypothetical. The blue powder is. 
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perhaps^ a compound of protoxide of titanium with oxide of 
zinc or iron. 

Sesquioxide of titamum, Ti^Og. — When anhydrous titanic 
acid is strongly ignited in a current of hydrogen gas, it be- 
comes black and loses considerably in weight. From a deter- 
mination of the actual loss of weight, Ebelmen concludes that 
sesquioxide of titanium is produced. The residue is not acted 
upon by nitric or hydrochloric acid, but dissolves in sulphuric 
acid, forming a violet solution.* 

Titanic acid, TiO^, 40-33 or 503*7. — In the mineral rutile, 
titanic acid is crystallised in the form of tinstone, the link by 
which tin is connected with titanium. Again, ilmenite and 
other varieties of titanate of iron, FeO.TiO^ are isomorphous 
with sesquioxide of iron; and thus tin comes to be con- 
nected through titanium with the last order of metals. But 
titanic acid is dimorphous, and crystallises, in anatase, in 
an unconnected form. The best method of obtaining pure 
titanic acid is to fuse titanate of iron, reduced to powder and 
levigated with sulphur. The sulphur has no action upon the 
titanic add, but converts the protoxide of iron into a sulphide 
of iron, which is dissolved by hydrochloric acid. If iron is 
still retained by the titanic acid, the latter is heated in a stream 
of hydrosulphuric acid gas, by which every particle of iron is 
converted into sulphide, and then removed by hydrochloric 
acid. 

Titanic acid is a white powder, which acquires a yellow 
tint by exposure to a high temperature ; it is infusible and 
insoluble in water. Titanic acid is considerably analogous in 
properties to silica ; like that acid it has a soluble modifica- 
tion, formed by igniting titanic acid with an alkaline car- 
bonate, which is soluble in dilute hydrochloric acid. The acid 
solution of titanic acid gives an orange-red precipitate with an 
infusion of gall-nuts, which is characteristic of titanic acid. 

• Ann. On, Phys. [8.] xx. 386. 
X 2 



148 TITANICTH. 

On neutralising the acid solution with ammonia^ the soluble 
modification of titanic acid is thrown down as a white gela- 
tinous precipitate. When this precipitate is dried and heated, 
it glows, and the titanic acid is then no longer soluble in 
acids. When a solution of bichloride of titanium, or of the 
sulphate of titanic acid in water, is boiled for some tune, 
titanic acid precipitates in the insoluble modification. 

Titanic acid mixed with borax, or better with phosphorus-salt, 
forms in the outer blowpipe-flame a colourless glass, but in 
the inner flame, a glass which is yellow while hot, but assumes 
a violet colour on cooling. The same character is exhibited 
by those salts of titanic acid whose bases do not themselves 
impart any colour to the bead. If the titanic acid contains 
iron, the colour of the bead is brown-red or blood-red instead 
of violet. Many titanates yield the blue colour only with 
phosphorus-salt, not with borax. The colour is produced 
more readily by heating the substance on charcoal than on 
platinum wire. The above characters suffice to distinguish 
titanic acid from all other substances. 

BUtdphide of titanium, TiS^, was discovered by Bose, who 
formed it by passing the vapour of bisulphide of carbon over 
titanic acid, in a porcelain tube maintained at a bright red heat. 

Bichloride of titanium^ TiCl^ was formed by Mr. Greorge of 
Leeds, by transmitting chlorine over metallic titanium at a 
red heat. It is a transparent colourless liquid, resembling 
bichloride of tin, and boiling a little above 212^. The density 
of its vapour is 6*615 (Dumas). Bichloride of titanium 
combines with ammonia, and forms a white saline mass, 
TiCl2.2NH3. Metallic titanium is most easily obtained by 
heating this compound to redness. Bichloride of titanium 
also absorbs phosphuretted hydrogen, and forms a dry brown 
powder. From this compound when heated, a lemon-yellow 
sublimate rises, which Bose found to contain 8 atoms of bi- 
chloride of titanium, combined with 1 atom of a compound of 
phosphuretted hydrogen and hydrochloric acid, analogous to 
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sal-aminoniaC; but which could not be isolated. Bichloride of 
titanium combines with the alkaline chlorides^ forming double 
salts, which are colourless and capable of crystallising. It also 
combines with chloride of cyanogen, forming a yellow crystal- 
line compound containing CyC1.2TiClQ, and with anhydrous 
hydrocyanic acid, forming the compound HCy . TiClj, a yellow 
pulverulent substance which sublimes below 212°, in trans- 
parent, shining, lemon-yellow crystals. 

Bromide of titanium^ TiBr^, is obtained by passing bromine 
vapour over an intimate mixture of titanic acid and carbon, 
heated to bright redness, and distilling the resulting brown, 
liquid with excess of mercury to remove free bromine. It is 
an amber-yeUow crystalline body of specific gravity 2*6. It 
melts at 102^, and boils at 356^. It attracts moisture with 
the greatest avidity, and is converted into titanic and hydro- 
bromic acids (F. B. Duppa). 

A volatile Mfluoride of titanium, TiF^, was obtained by 
Unverdorben, by distilling titanic acid in a platinum ap- 
paratus with fluor spar in powder and fuming sulphuric acid. 

A definite stUphate of titafdc acid, Ti02 . SO3, is obtained 
by dissolving titanic add in sulphuric acid, and evaporating 
to dryness at a heat below redness. 

Nitrides of titanium. — H. Rose, by heating the double 
chloride of titanium and ammonium in ammoniacal gas, or 
by heating the ammonio-chloride of titanimn, 2NH3 . TiCl^ 
with sodium, obtained a copper-coloured substance which he 
supposed to be metallic titanium, but which Wohler has 
shown to consist of nitride of titanium, TijN,, or more 
probably TigN4 = 3TiN . TijN ; it contains 28 per cent, of 
nitrc^en. This compound is redder than the cubic crystals 
of the blast-furnaces, which have a tinge of yellow. Another 
nitride of titanium, TiN, is produced when titanic acid is 
strongly heated in a stream of ammoniacal gas. Its powder 
is dark violet with a tinge of copper-colour; in small pieces 
it exhibits a violet copper-colour and metallic lustre. A third 

L 3 
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nitride^ TigNj, or more probably 2TiN . TigN, is formed when 
Rose's titanium is subjected to the action of a stream of 
hydrogen at a strong red heat. It has a brassy or aknost 
gold-yellow colour and a metallic lustre. It is also obtained 
(mixed however with carbon) when titanic acid is heated to 
redness in a stream of cyanogen gas or hydrocyanic acid 
vapour; no cyanide of titanium is formed in this reaction. 
All these three nitrides of titanium sustain without decompo- 
sition^ a temperature at least equal to that of melting silver. 
Mixed in the state of powder with the oxides of copper, lead, 
^r mercury, and heated, they emit a lively sparkling flame, 
and reduce the oxides to the metallic state. When fused 
with hydrate of potash, they *give off ammoniacal gas 
(Wohler). 

Nitrocyanide of titanium, CjNTi . STigN. — This is the 
copper-coloured compound already spoken of as occurring 
in the iron furnaces, and formerly mistaken for metallic 
titanium. Its formation appears to be connected with that 
of cyanide of potassium, so constantly observed in the blasts 
furnaces. It sometimes occurs in very large masses; in a 
furnace at Riibeland in the Hartz, a mass of it was found, 
weighing 80 pounds. This compound forms cubic crystals 
harder than quartz, and of specific gravity 5*3. It contains 
18 per cent, of nitrogen and 4 of carbon. In its chemical 
characters, it resembles the nitrides just described, giving off 
ammonia when heated with potash, and reducing the oxides 
of lead, copper, and mercury, when heated with them. A 
similar product may be formed by placing a mixture of titanic 
acid and ferrocyanide of potassium in a well closed crucible, 
and exposing it for an hour to a heat sufficient to melt 
nickel. (Wohler.) 
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ESTIMATION OF TITANIUM^ AND METHODS OF SEPARATING IT FBOM 

THE PafiCEDINO METALS. 

Titanium is always estimated in the form of titanic acid. 
This compound is best precipitated from its solutions in acids 
by ammonia, which throws it down in the form of a very bulky 
precipitate, resembling hydrate of alumina. A ^reat excess 
of ammonia jnust be avoided, as it would redissolve a small 
portion of the titanic acid. The precipitate after ignition 
contains 60 per cent, of titanium. 

If the titanic acid, after precipitation by ammonia, is 
to be redissolved in acids, which is sometimes necessary in 
order to separate it from other metals, great care must be 
taken in the precipitation to avoid all rise of temperature, and 
the precipitate must be washed with cold water, because heat 
has the effect of rendering titanic acid more or less insoluble 
in acids. 

Titanic acid may also in some cases be separated from its 
acid solutions by boiling ; from the solution in sulphuric acid, 
complete precipitation is effected by this method; but when 
hydrochloric acid is the solvent, a small portion of titanic acid 
always remains in solution after boiling. 

Protoxide of titanium is precipitated from its solutions by 
ammonia, and the precipitate, after standing from 24 to 36 
hours, is converted, with evolution of hydrogen, into titanic 
acid, in which form it may be estimated. 

From the alkalies and alkaline earths, titanic acid may be 
separated by ammonia, the solution in the latter case being 
careftdly excluded from the air. Baryta may also be separated 
by sulphuric acid. 

Titanic acid is separated from magnesia by boiling, if the 
two are dissolved in sulphuric acid, and by precipitation with 
carbonate of baryta, when hydrochloric acid is the solvent. 

The separation from alumna and glucina is also effected by 
boiling the sulphuric acid solution. 

L 4 
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From the metals which are precipitated as sulphides by 
sulphide of ammonium^ viz.^ manganese, iron, cobalt, nickel, and 
zinc, titanic acid is separated by mixing the acid solution with 
tartaric add and excess of ammonia (which then forms no 
precipitate)^ and adding sulphide of ammonium^ which pre- 
cipitates everything but the titanic acid. The filtered solution 
k.then evaporated to diyness, and the residue ignited in » 
platinum crucible to expel ammoniacal salts and burn away 
the carbon of the tartaric acid. As this carbonaceous matter 
is very difficult to burn^ the ignition should either be performed 
in a muffle furnace, or a stream of oxygen should be very 
gently directed into the crucible. The residue consists of 
titanic acid, which may then be weighed. 

From cadmium, copper, lead, and tin, titanium is easily 
separated by hydroaulphuric acid. 



SECTION III. 

CHROMIUM. 

Eg. 26-8 or 335; Cr. 

This metal, so remarkable for the variety and beauty of its 
coloured preparations, was discovered by Vauquelin in 1797, 
in the red mineral now known as chromate of lead. It has 
since been found in other minerals, more particulariy chrome- 
iron (FeO . Cr^Og), a mineral which many countries possess 
in considerable quantity. It is from this ore that the com- 
pounds of chromium, used in the arts, are actually derived. 
The metal may be procured by the reduction of its oxide, in 
the usual way; but the reduction is as difficult as that of 
manganese. Chromium is a greyish-white metal, of density 
5*9, very difficult to fuse, and not magnetic. It does not 
undergo oxidation in the air. It dissolves in hydrofluoric 
acid with evolution of hydrogen. Chromium is also obtained 
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as a brown powder, when sesquichloride of chromium is 
heated in ammoniacal gas (Liebig). 

Chromium forms several compounds with oxygen; viz. 
protoxide of chromium, or ckromoua oxide, CvO, isomorphous 
with ferrous oxide, &c. ; seaqvioxide qf chromium, or chromic 
oxide, Cr^Oj, isomorphous with ferric oxide and alumina; and 
chromic acid, CrO,, isomorphous with sulphuric acid ; also a 
chromoso^hromic oxide, Cr304, or CrO.Cr^Oj, and four oxides 
intermediate between chromic oxide and chromic acid, which 
may, in fact, be regarded as chromates of chromic oxide ; viz. 
monochromate of chromic oxide, or CrjOj.CrOg = CrgOs ; the 
bichromate, Cr203.2Cr03 = Cr409; the neutral chromate, 
Cr203.8Cr03 = CrgOj^, and the acid chromate, Cr303.4Cr03 
= CreOig, 

Protoxide of chromium, Chromous oxide, CrO ; 84*8 or 485. 
— This oxide probably exists in chrome-irou, and in pyrope. 
It is precipitated in the form of a hydrate by the action of 
potash on a solution of the protochloride. The anhydrous 
protoxide has not yet been obtained. The hydrate is very 
unstable, decomposes water, even at ordinary temperatures, 
and if the air be not excluded by filling the apparatus with 
hydrogen, is converted, almost as soon as formed, into 
chromoso-chromic oxide Cr304, with evolution of hydrogen 
(Peligot). It is yellow when recently precipitated, brown 
when dry, and may be preserved unaltered in dry air. When 
ignited it gives off hydrogen, and the oxygen thereby liberated 
converts the remaining protoxide into sesquioxide (Moberg). 

Hydrated chromous oxide is insoluble in dilute acids, but 
dissolves slowly in strong acids. The chromous salts are best 
prepared by mixing a solution of the protochloride with the 
corresponding potash or soda salts, access of air being carefully 
prevented. They are generally of a red colour, sometimes 
inclining to blue ; dissolve but sparingly in cold water, but 
more readily in hot water. Like ferrous salts, they dissolve 
large quantities of nitric oxide, forming dark brown solutions. 
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Protochloride of chromium, Chromous chloride, CrCl ; 62*3' 
or 778' 75. — Obtained by passing hydrogen gas over perfectly 
anhydrous sesquichloride of chromium very gently heated^ as 
long as hydrochloric acid gas continues to escape. The 
hydrogen must be previously fireed from all traces of oxygen 
by passing it through a solution of protochloride of tin in 
caustic potash^ then through tubes containing sulphuric acid 
and chloride of calcium, and lastly over red-hot metallic 
copper. The protochloride is also formed by passing dry 
chlorine gas over a red-hot mixture of charcoal and chromic 
oxide. The first method yields the protochloride in the form 
of a white, velvety substance, retaining the form of the sesqui- 
chloride firom which it has been formed ; the second method 
yields it in fine white crystals, usually mixed, however, with 
chromic oxide, chromic chloride, and charcoal. 

Protochloride of chromium dissolves in water, with evolution 
of heat, forming a blue solution, which rapidly turns green 
when exposed to the air or to chlorine gas. With potash it 
forms a darlc brown precipitate (yellow, according to Moberg, 
if the air be completely excluded) of hydrated chromous oxide, 
which, however, quickly changes to light brown chromoso- 
chromic oxide, with evolution of hydrogen. Arnvnonia forms 
a greenish white precipitate, without evolution of hydrogen. 
"With ammonia and sal-ammociac, a blue liquid is formed 
which turns red on exposure to the air. Sulphide qf ammo* 
nium or potassium forms a black precipitate of chromous 
sulphide. The solution of protochloride of chromium is one 
of the most powerful deoxidising agents known. With a solu- 
tion of monochromate of potash, it forms a dark brown preci- 
pitate of chromoso-chromic oxide, which, however, disappears 
on the addition of an excess of the protochloride, and forms a 
green solution. It precipitates calomel from a solution of 
corrosive sublimate. With cupric salts, it forms at first a 
white precipitate of cuprous chloride ; but when added in excess 
throws down red cuprous oxide. It instantly converts ttmgstic 
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acid into blue oxide of tungsten^ and precipitates gold from 
the solution of the chloride. 

Ckramous carbonate is formed by adding a solution of the 
chloride to carbonate of potash ; its precipitate is red or red- 
brown, if the alkaline solution is hot, but in the form of 
dense yellow or bluish green flakes, if it is cold ; the preci- 
pitate appears, however, to have the same composition in aU 
cases (Moberg). 

Ckromous sulphite is obtained by double decomposition in 
the form of a brick-red precipitate, which becomes bluish- 
green on exposure to the air (Moberg). 

Chromcus sulphate, — When the metallic powder obtained 
by treating sesquichloride of chromium with potassium is 
treated with dilute sulphuric acid, hydrogen is evolved, and a 
solution obtained which exhibits the characters of a chromous 
salt (F61igot). 

ChromosO'Chromic oxide, CrgO^ = CrO . CrjOj. — Formed 
when the protoxide comes in contact with water, and conse- 
quently at the moment of its precipitation by potash, from a 
solution' of the protochloride. After washing with water and 
drying in vacuo, it has the colour of Spanish tobacco. It is' 
but feebly attacked by acids. The hydrate is composed of 
Cr304 . HO ; when heated^ it is converted into chromic oxide 
with evolution of hydrogen. 

Sesquiooeide of chromium, Chromic oxide, 77*6 or 970.— This 
oxide exists in chrome-iron, but is not immediately derived 
from that mineral. When chromate of mercury, the orange 
precipitate obtained on mixing nitrate of mercury and chro- 
mate of potash, is strongly ignited, chromic oxide remains as 
a powder of a good green colour. Chromic oxide is also 
obtained, by deoxidising the chromic acid of bichromate of 
potash in various ways ; by ignition with sulphur, for instance, 
or by igniting tc^ether 1 part of bichromate of potash with 
I7 parts of sal-ammoniac and 1 part of carbonate of potash, 
whereby chloride of potassium and sesqnioxidc of chromium. 
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are formed^ the chromic acid losing half its oxygen^ which is 
converted into water by the hydrc^n of the ammonia. 
Another process^ interesting from affording the oxide in the 
state of crystals, is to pass the vapour of chlorochromic acid 
(CrO^Cl) through a tube heated to whiteness, when oxygen 
and chlorine gases are disengaged, and chromic oxide attaches 
itself to the surface of the tube. The crystals have a metallic 
lustre, and are of so deep a green as to appear black ; they 
have the same form as specular iron ore, a density of 5*21, and 
are as hard as corundum (Wohler). The ignited oxide is not 
soluble in acids ; heated with access of air, and in contact 
with an alkali, it absorbs oxygen and is converted into 
chromic add. Fused with borax or other vitreous substances, 
scsquioxide of chromium produces a beautiful green colour; 
it is the colouring matter of the emerald^ and is employed to 
produce a green colour upon earthenware. Sesquioxide of 
chromium (and not chromic acid) is also the colouring matter 
of pink colour applied to stoneware. This substance is formed 
by strongly igniting a mixture of 100 parts of bioxide of tin, 
33 parts of chalk, and not more than one part of sesquioxide 
of chromium.* 

To obtain the same oxide in the hydrated state, a solution 
of bichromate of potash is brought to the boiling point, and 
hydrochloric acid and alcohol added alternately in small 
quantities, till the solution passes from a red to a deep green 
colour, and no longer effervesces from escape of carbonic 
acid gas, on addition of either the acid or alcohol. In 
this experiment, the chromic acid liberated by the hydro- 
chloric acid, is deprived of half its oxygen by the hydrogen 
and carbon of the alcohol, and the resiilting sesquioxide of 
chromium is dissolved by the excess of hydrochloric acid pre- 

• Malaguti, Ann. Ch. Phyi. [3.] IxL p. 433. Mr. O. Sims finds that 
sesquioxide of iron and bioxide of manganese may be substituted for oxide of 
chromium in pink colour^ so that the coloration of that substanee is of 
a rery peculiar character. 
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sent^ and in fact converted into the corresponding sesqui- 
chloride of chrominm. Many other organic substances may 
be used in place of alcohol in this experiment, such as sugar, 
oxalic acid, &c. The reduction may also be effected by hydro- 
sulphuric acid or even by hydrochloric acid alone, if added in 
sufficient excess ; in this last case, sesquichloride of chromium 
and chloride of potassium are then formed, and part of the 
chlorine escapes as gas ; thus : 

KO. 2Cr03 + 7HC1 = KCl + Cr^Cl^ + 7H0 + 3C1. 

The oxide of chromium is precipitated from the green solution 
by ammonia, and falls as a pale bluish-green hydrate. The 
same oxide is obtained more directly, when to a boiling solu- 
tion of bichromate of potash a hot solution of pentasulphide 
of potassium is added, the chromic acid then giving half its 
oxygen to the sulphur. 

Hydrated chromic oxide is soluble in acids, and forms salts. 
It is also dissolved by potash and soda, but not to a great 
extent by ammonia. Its salts have a sweet taste, and are 
poisonous. The oxide itself becomes of a greener colomr when 
dried, and loses water. A moderate.heat affects its relations 
to acids, the sulphate of the heated (or green) oxide not 
forming a double salt, for instance, with sulphate of potash. 
When heated to redness, it glows, or undergoes the same 
change as zirconia, bioxide of tin, and many other hydrated 
oxides when made anhydrous; becomes denser, assumes a 
pure green colour, and ceases to be soluble in adds. 

The salts of chromic oxide exhibit two different modifica- 
tions, green and violet; some acids, e. ^., sulphuric and 
hydrochloric, produce both modifications; others only one. 
Ammonia produces, in solutions of the green salts, a bluish-gray 
precipitate, but in solutions of the violet salts, a greenish-gray 
precipitate, both of which, however, yield green solutions when 
dissolved in sulphuric or hydrochloric acid (Regnatdt) ; accord- 
ing to H. Rose, hov ever, the precipitate is bluish-gray in both 
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cases. The liquid above the precipitate has a reddish cokmr, 
find contains a small quantity of chromic acid. Potash and 
soda form similar precipitates, which dissolve in excess of the 
alkali, forming green solutions from which the chromic oxide 
is precipitated by boiling. The alkaline carbonates form 
greenish precipitates (violet by crndle-light), which dissolve to 
a considerable extent in excess of the reagent. Hydrosulphuric 
acu/ forms no precipitate ; sulphide of ammonium throws down 
the hydrated sesquiozide. 

Zinc, immersed in a solution of chrome alum or aesqui- 
chloride of chromium excluded firom the air, gradually reduces 
the chromic salt to a chromous salt, the liquid after a few 
hours acquiring a fine blue colour, and hydrogen being evolved 
by decomposition of water. If the zinc be left in the liquid 
after the change of colour from green to blue is complete, 
hydrogen continues to escape slowly, and the liquid after some 
weeks or months, is found no longer to contain chromium, the 
whole of that metal being precipitated in the form of a basic 
salt, and its place taken by zinc. Tin, at a boiling heat, like- 
wise i*educes the chromic salt to a chromous salt, but only to 
a limited extent; and on leaving the liquid to cool after the 
action has ceased, a contrary action takes place, the proto^ 
chloride of chromium decomposing the protochloride of tin 
previously formed, reducing the tin to the metallic state, and 
being itself reconverted into sesquichloride. Iron does not 
reduce chromic salts to chromous salts, but merely precipi- 
tates a basic sulphate of chromic oxide, or an oxychloride, as 
the case may be.* 

Sesquioxide (and also the protoxide) of chromium, ignited 
with an alkaline carbonate, or better with a mixture of the 
carbonate and nitre, is converted into chromic acid, which 
unites with the alkali ; and en dissolving the iused product 
in water, filtering if necessary, and neutralising with acetic 
acid, the characteristic reactions of chromic acid (p. 164.) 

• H. Loewcl, AtiB. Ch. Phyi. [8.] xl. 4S. 
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may be obtained with lead and silver-salts. An oxide of 
chromium fused with borax, in either blowpipe flame, yields 
an emerald-green glass. The same character is exhibited by 
those salts of chromic acid whose bases do not of themselves 
impart decided colours to the bead. 

A sesquisulphide of chromium, Cr^S,, corresponding with 
the oxide^ is obtained by exposing the latter, in a porcelain 
tube, to the vapour of bisulphide cf carbon, at a bright red 
heat. It is a substance of a dark grey colour, which is dissolved 
by nitric acid. 

Sesquictiloride of chromium, Chromic chloride, Cr^Clg ; 160-1 
or 2001*2. — This salt is obtained as a sublimate of a peach- 
purple colour, when chlorine is passed over a mixture of oxide of 
chromium and charcoal, ignited in a porcelain tube : or in the 
hydrated state by evaporating the solution of sesquichloride of 
chromium to dryness. The salt obtained by the latter process 
is a green powder containing Cr^Clg -h 9HO. When heated, 
it gives off water and hydrochloric acid, and leaves a residue 
of oxychloride of chromium. Heated in a current of hydro- 
chloric acid gas, it likewise parts with its water, and is con- 
verted into the violet anhydrous sesquichloride. The solution, 
evaporated in vacuo, leaves an amorphous mass which dissolves 
in water with evolution of heat, and consists of Cr^Cls+BHO 
(Peligot). Anhydrous sesquichloride of chromium is perfectly 
insoluble in cold water, and dissolves but very slowly in boiling 
water ; but if to cold water in which the sesquichloride is im- 
mersed, there be added a very small quantity, even -nfirrf o{ 
protochloride of chromium, a green solution is formed identical 
with that which is obtained by dissolving chromic oxide in 
hydrochloric acid (Peligot). 

Chromic sulphate, CraOa-SSOg; 1976 or 2470.— Chromic 
oxide is dissolved by sulphuric acid, but the salt does* not 
crystallise. Chromic sulphate exhibits a violet and a green 
modification. The violet sulphate is obtained by leaving 
8 parts of hydrated chromic oxide, dried at 212^, and 8 or 10 
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parts of strong sulphuric acid in a loosely stoppered bottle for 
several weeks. The solution, which is green at firsts gra- 
dually becomes blue, and deposits a greenish blue crystalline 
mass. On dissolving this substance in water, and adding 
alcohol, a violet-blue crystalline precipitate is formed; and 
by dissolving this precipitate in very weak alcohol, and leav- 
ing the solution to itself for some time, small regular octa- 
hedrons are deposited, containing CrjOj.SSOg + 15HO. 
The green sulphate is prepared by dissolving chromic oxide in 
strong sulphuric acid at a temperature between 122^ and 
140^; also by boiling a solution of the violet sulphate. The 
liquid, when quickly evaporated, yields a green crystalline 
salt, having the same composition as the violet sulphate. The 
green sul|^hate dissolves readily in alcohol, forming a blue 
solution; but the violet salt is insoluble in alcohol. The 
solution of the green sulphate is not completely decomposed 
by soluble baryta-salts at ordinary temperatures, a boiling^ 
heat being required to complete it ; the violet sulphate, on 
the contrary, is deprived of all its sulphuric acid by baryta- 
salts at ordinary temperatures. When either the green or 
the violet sulphate is heated to 390^, with excess of sulphuric 
acid, a light yellow mass is obtained, which, when further 
heated, leaves a residue of anhydrous chromic sulphate, having 
a red colour. This anhydrous salt is completely insoluble in 
water, and dissolves with difficulty even in acid liquids.* 

Chromic sulphate forms a crystallisable double salt with sul- 
phate of potash, viz., chrome-aium, KO.S03-f-Cra03.3S03-f- 
24HO. This salt is produced when a mixture of its con- 
stituent salts, with a little free sulphuric acid, is left to spon- 
taneous evaporation. The best mode of preparing it is to 
mix three parts of a saturated solution of neutral chromate of 
potash, first with one part of oil of vitriol, and then with two 
parts of alcohol, which is to be added by small portions to the 

* Begnaiilt, Coun de Chimie. 
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mixture of acid and chromate, and not to apply artificial 
heat. The chromic acid is thus deoxidised in a gradual 
manner, and large crystals of the double sulphate are slowly 
deposited (Fischer). The octohedral crystals of chrome-alum 
are of a dark purple colour^ and of a beautiful ruby-red, 
when so small as to be transparent. The solution is bluish-^ 
purple, but when heated to 140° or 180° becomes green, and, 
according to Fischer, either deposits on evaporation a bright- 
green amorphous, difficultly soluble mass, or yields crystals 
of sulphate of potash, while green chromic sulphate remains 
in solution. According to Loewel*, on the contrary, the 
change of the purple into the green salt does not arise from 
a separation of the two simple salts, but merely from loss 
of water of crystallisation. A solution of chrome-alum, which 
has become green and uncrystaUisable by heating, does not 
deposit any sulphate of potash even when concentrated; 
neither does that salt separate when the crystals are melted 
in a sealed tube ; but the green liquid obtained by either of 
these processes yields, when heated to 77° and 86° in a dry 
atmosphere^ a dark green mass containing Cr203.3S03 + 
KO.SO3, with scarcely 6 eq. water (Loewel). The violet 
crystals containing 24 Aq., when left for several days in dry 
air at a temperature between 77^ and 86°, give off 12 Aq., 
and assume a lilac colour. At 212°, another quantity of 
water goes off, and the crystals become green; and, by 
gradually raising the temperature to about 660°, the whole 
of the water may be expelled without causing the salt to 
melt. The anhydrous crystals are green, and dissolve without 
residue in boiling water, but at a temperature somewhat 
above 660°, they suddenly become greenish-yellow, without 
perceptible loss of weight, and are afterwards perfectly in« 
soluble in water. 

Oxalate of chromium andpotash, 3(KO.Ca03) -f Cr^Ojj.SCjOj 
-f 6H0. — This is another beautiful double salt of chromium, 

• Ann. Ch. Phy». [8.] xliv. 818. 
VOL. II. M 
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It is easUy prepared by the following process of Dr. Gregory : — 
One part of bichromate of potash^ two parts of binoxalate of 
potash, and two parts of crystallised oxalic acid are dissolved 
together in hot water. A copious evolution of carbonic add 
gas takes place, arising from the deoxidation of the chromic 
acid, at the expense of a portion of the oxalic add; and 
nothing fixed remains, except the salt in question, of which a 
pretty concentrated solution crystallises upon cooling in pris- 
matic crystals, which are black by reflected light, but of a 
splendid blue by transmitted light, when suffidently thin to 
be translucent. The oxide of chromium is not completely 
precipitated from this salt by an alkaline carbonate ; and it is 
remarkable that only a small portion of the oxalic add is 
thrown down from it by chloride of calcium. When fully 
dried and then carefully ignited, this salt is completely de- 
composed, and leaves a mixture of chromate and carbonate of 
potash. The corresponding double oxalate of chromium and 
soda contains 9H0, according to Mitscherlich. In the analo- 
gous oxalate of ferric oxide and soda, the proportion of water 
appeared to the author to be lOHO. 

The mineral chrome-iron, FeO.Cr^Os* crystallises in octo- 
hedrons, and corresponds with the magnetic oxide of iron, 
having the sesquioxide of iron replaced by sesquioxide of 
chromium. Its density is 4*5 ; it is about as soft as felspar, 
and infusible. When exposed to long-continued calcination, 
in contact with carbonate of potash, in a reverberatory fur- 
nace, the oxide of chromium of this compound absorbs oxygen, 
and combines as chromic add with the potash, while the 
protoxide of iron becomes sesquioxide. The addition of nitre 
increases the rapidity of oxidation, but is not absolutely 
required in the process. A yellow alkaline solution of car- 
bonate and chromate of potash is obtained by lixiviating the 
calcined matter, which is generally converted into the red 
chromate or bichromate of potash, by the addition of the 
proper quantity of sulphuric acid, the latter salt being 
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more easily purified by crystaHisation than the neutral chro- 
mate. 

Chromic add, CrOg, 52*19 or 651'8. — This acid is not 
liberated from the chromates in a state of purity by any acid 
except the fluosilicic; it ia also easily altered. Fluosilicic 
acid gas is conducted into a warm solution of bichromate of 
potash^ till the potash is completely separated as the insoluble 
fluoride of silicon and potassium^ which may be ascertained 
by testing a few drops of the solution with tartaric acid or 
chloride of platinum. The solution is evaporated to dryness 
by a steam heat^ and the chromic acid redissolved by water; 
it gives an opaque^ dull red solution. Chromic acid may also 
be obtained anhydrous and in acicular crystals^ by distilling^ 
in a platinum retort, a mixture of 4 parts of chromate of lead, 
3 parts of finely pulverised fluor spar, and 7 parts of Nord- 
hausen sulphuric acid ; sulphate of lime is formed, together 
with perfluoride of chromium, the vapour of which is received 
in a lai^e platinum crucible, covered with wet paper and used 
as a condenser. The perfluoride is decomposed by the aqueous 
vapour from the paper, being resolved into hydrofluoric acid 
and beautiful orange-red acicular crystals of chromic acid, 
which fill the crucible. A third and easier method of pre- 
paring chromic acid is to mix a solution of bichromate of 
potash, saturated between 122^ and 140®, with 1 J times its 
volume of strong sulphuric acid, adding the acid by successive 
small portions. Bisulphate of potash is then formed, which 
remains in solution, and the liquid, as it cools, deposits the 
chromic acid in long red needles. These may be drained, 
first in a funnel, afterwards on a brick; then dissolved in 
water ; the solution treated with a small quantity of chromate 
of baryta to remove the last portion of sulphuric acid ; and 
the filtered liquid evaporated in vacuo. Chromic acid difiers 
remarkably from sulphuric acid, in having but little affinity 
for basic water, so that it may be obtained anhydrous by 
evaporating its solution to dryness. Indeed, the chromate of 

K 2 
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water is not known to exist, even in combination, both tbe 
bichromate and terchromate of potash being anhydrous salts. 
The free acid is a powerful oxidizing agent, and bleaches 
organic colouring matters : chromic acid then loses half its 
oxygen, and becomes oxide of chromium. It is also con- 
verted into sesquichloride of chromium by hydrochloric acid, 
with evolution of chlorine : 

aCrOg + 6Ha = Cr^Clj + 6H0 + 3C1; 

and into sesquioxide by hydrosulphuric add, with precipitation 
of sulphur : 

2Cr03 + 3HS = CraOg + 8H0 + 8S. 

Sulphurous acid passed through a solution of chromic acid, 
or its salts, throws down a brown precipitate, consisting of 
monochromate of chromic oxide, or bioxide of chromium; 
CrjOg.CrOg = SCrOj. The other intermediate oxides, or 
chromates of chromic oxide mentioned on page 153., are 
formed by other imperfect reductions of chromic acid, or by 
the imperfect oxidation of chromic oxide. They are all brown 
substances, soluble in potash and in nitric acid. One of 
them, the bichromate, dissolves also without decomposition in 
hydrochloric and sulphuric acid ; the others are reduced by 
hydrochloric acid to sesquichloride, with evolution of chlorine, 
and resolved by sulphuric acid into chromic acid and sulphate 
of chromic oxide.* 

Chromic acid forms bibasic, monobasic, biacid, and a few 
tri-acid salts. Themonochromatesof the alkalies are yellow, 
the bichromates red ; the chromates of the metals proper are 
bright yellow, red, or occasionally of some other colour. All 
chromates heated with oil of vitriol give off oxygen, and form 
sulphate of chromic oxide, together with another sulphate. 
When heated with hydrochloric acid, they give off chlorine 

* For a full aooount of these brown oxides, see the translation of Omelin's 
Handbook, iv. 118. 
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and form sesquicUoride of chromium^ together with another 
metallic chloride. Heated in the anhydrous state with com> 
mon salt and snlphuric add^ they give off red vapours of 
chlorochromic add^ which condense to a brownish red liquid. 
Similarly^ when heated with fluor spar and sulphuric add^ they 
give off red vapours of terfluoride of chromium. A few only 
of the chromates^ more particularly those of the alkalies, are 
soluble in water, but they all dissolve in nitric add. Solu- 
tions of the alkaline chromates form a pale yellow precipitate 
with baryta salts; bright yellow with lead-salts; brick red 
with mercurous salts ; and crimson with silver salts. 

Chromate of potash, Yellow ehromate of potash, KO.CrOj ; 
97*8 or 1222'5. — This salt is produced in the treatment of 
the chrome ore, but is seldom crystallised. It may be formed 
from the bichromate, by fusing that salt with an equivalent 
quantity of carbonate of potash ; or by adding caustic potash 
to a red solution of the bichromate, till its colour becomes a 
pure golden yellow. The solution of chromate of potash has 
a great tendency to effloresce upon the sides of the basin 
when evaporated. Its crystals are of a yellow colour, anhy- 
drous, and isomorphous with sulphate of potash. One himdred 
parts of water at 10^ dissolve 483- parts of this salt ; the solu- 
tion preserves its yellow colour, even when diluted to a great 
degree. 

Bichromate of potash, Red chromate of potash, — K0.2Cr03 ; 
148*6 or 1857'5. — This beautiful salt, of which a large quan- 
tity is consumed in the arts, crystallises in prisms or in large 
four-sided tables, of a fine orange-red colour. It fuses below 
a red heat, and forms on cooUng a crystalline mass, the crys- 
tals of which have, according to Mitscherlich, the same form 
as those obtained from an aqueous solution ; but this mass 
falls to powder as it cools, from the unequal contraction of 
the crystals in different directions. At 60^, water dissolves 
-iV of its weight of this salt, and at the boiling point a con- 
siderably greater quantity. 

M 3 
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Bichromate of chloride of potasmtm, Piligofs salty KCl. 
ZCrOj. — ^This salt^ which we are obliged to designate ajB if it 
contained chloride of potassium combined as a base with 
chromic acid^ is formed by dissolving together^ with the aid 
of heat^ about three parts of bichromate of potash and four of 
Concentrated hydrochloric acid, with a small quantity of water, 
avoiding the evolution of chlo;ine. It cry«Li»es in flat rei 
quadrangular prisms^ and is decomposed by solution in pure 
water. 

Terchromate of potash, KO.SCrOg, is obtained crystallised 
when a solution of the bichromate is mixed with nitric add, 
and evaporated. Bichromates of soda and silver exist whicli 
are anhydrous, like the bichromate of potash (Warington). 

Chromate of soda, NaO.CrOg + lOHO. — By the evapora- 
tion of a concentrated solution of this salt, it is obtained in 
large fine crystals, having the form of glauber salt. The 
bichromate crystallises in thin, hyacinth-red, six-sided prisms, 
bevelled at the ends. 

Chromate of ammonia, NH40.Cr03 is prepared by evapora- 
ting a mixture of chromic acid with a slight excess of ammo- 
nia. It crystallises in lemon-yellow needles, very soluble in 
water, and having an alkaline reaction and pungent saline 
taste. When heated, they give off ammonia, water, and 
oxygen, and leave sesquioxide of chromium. The bichromate, 
NH40.2Cr03, forms orange-yellow or reddish brown rhombic 
tables, which at a heat below redness are decomposed, with 
emission of light and feeble detonation, leaving the sesqui- 
oxide. It combines with chloride of mercury, forming crys- 
talline compounds, containing NH4O.2CrO3.HgCl 4- HO, and 
8(NH40.2Cr03).HgCl (Richmond and Abel).* Rammelsberg 
has obtained an acid salt composed of NH4O.6CrO3-|-10HO. 

Chromate of baryta, BaO.Cr03 is a lemon-yellow powder 
obtained byprecipitatinga baryta-salt with an alkaline chromate. 

• Chem. Soc. Qu. J. iii 139. 
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It is insoluble in water^ but dissalves easily in nitric^ hydro- 
chloric^ or chromic acid. When a baryta-salt is precipitated with 
neutral chromate of potash^ and sulphuric acid added^ the pre- 
cipitate dissolves with partial decomposition, and on diluting 
with water, mixing the filtered solution with chromic acid, 
and evaporating in vacuo, neutral chromate of baryta first 
separates, then crystals of a bichromate^ Ba0.2Cr03+2HO, 
and afterwards a double salt containing 2(Ba0.3Cr03.HO) + 
( KO.3CrO3.HO). (Bahr.)* 

Neutral chromate of lime, CaO.CrOj, is obtained by 
treating carbonate of lime with aqueous chromic acid ; and 
by treating the neutral salt with excess of chromic acid and 
evaporating, a bichromate, Cr0.2Cr03 + 2H0, is obtained. 
Chloride of calcium mixed with monochromate of potash, yields 
a double salt containing 5(CaO.Cr03) + KO.CrOg. (Bahr.) 

Chromate of magnesia forms, according to the author's ob- 
servations, yellow crystals which are very soluble, and contain 
5 HO. It does not form a double salt with chromate of 
potash, as sulphate of magnesia does with sulphate of potash. 
It is remarked that the insoluble metallic chromates generally 
carry down portions of the neutral precipitating salts, or of 
subsalts, and their analysis is often unsatisfactory from that 
cause. When the magnesian chromates are compared with 
the sulphates of the same family, the former are found to 
have their water readily replaced by metallic oxides, but not 
by salts; so that subchromates with excess of oxide are 
numerous, while few or no double chromates exist. 

Chromate of lead, PbCCrOg ; 1624 or 2030.— This com- 
pound, so well known as chrome-yellow, is obtained by mixing 
nitrate or acetate of lead with chromate or bichromate of 
potash. The precipitate is of a lighter shade &om dilute than 
from concentrated solutions. It is entirely soluble in potash 
or soda, but not in dilute acids. 

Subchromate ofleadj 2PbO.Cr03, is of a red colour. It is 

• J. pr. Chem. Ix. 60. 
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formed when a solution of nentral chromate of potash^ mixed 
with as much free alkali as it already contains, is added to a 
solution of nitrate of lead. But the finest vermiUon-red 
subchromate is formed When one part of the neutral chromate 
of lead is thrown into five parts of nitre in a state of fusion by 
heat. Water dissolves the chromate and nitrate of potash in 
the fused mass, and leaves the subchromate of lead as a crys- 
talline powder, (Liebig and Wohler). An orange pigment 
may be obtained very economically, by boiling the sulphate 
^f lead, which is a waste product in making acetate of alumina 
from alum by means of acetate of lead, with a solution of 
chromate of potash. The subchromate of lead forms a bean* 
tifiil orange upon cloth, which is even more staUe than the 
yellow chromate, not being acted upon by either alkalies or 
acids. One method of dyeing chrome-orange, is to fix the 
yellow chromate of lead first in the calico, by dipping it suc- 
cessively in acetate of lead and bichromate of potash, and then 
washing it. This should be repeated, in order to precipitate 
a considerable quantity of the chromate in the calico. A milk 
of lime is then heated in an open pan ; and when it is at the 
point of ebullition, the yellow calico is immersed in it, and 
instantly becomes orange, being deprived of a portion of its 
chromic acid by the lime, which forms a soluble chromate 
of lime. At a lower temperature, lime-water dissolves the 
chromate of lead entirely, and leaves the cloth white. 

Chromate of silver falls as a reddish brown precipitate when 
nitrate of silver is added to neutral chromate of potash. Dis- 
solved in hot and concentrated solution of ammonia, it yields, 
on cooling, large well formed crystals, AgO CrOg-f 2NH3, 
isomorphous with the analogous ammoniacal sulphate and 
seleniate of silver. 

Chlorochromic acid, CrO,Cl, or 2Cr03.CrCl3. — This is a 
volatile liquid, obtained by distilling, in a glass retort, at a 
gentle heat, 3 parts of bichromate of potash and 3| parts of 
common salt, previously reduced to powder and mixed 
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together, with 5 parts by water-measure of oil of Titriol, 
disoontinuing the distillation when the vapours, from being of 
a deep orange»red, become pale — that change arising from 
watery vapour. The compound is a heavy red liquid, decom- 
posed by water. The density of its vapour is 5*9. 

Terfiuoride of chromium^ CrFj, is obtained in the manner 
already mentioned under the preparation of chromic acid. It 
is a blood-red liquid. No corresponding terchloride of chro- 
mium has been obtained in an isolated state. 

Perchromic acid, Cr^O^. — When peroxide of hydrogen 
dissolved in water is mixed with a solution of chromic add, 
the liquid assumes a deep indigo-blue colour, but often loses 
this colour very rapidly, giving off oxygen at the same time. 
The same blue colour is formed by adding a mixture of 
aqueous peroxide of hydrogen and sulphuric or hydrochloric 
acid to bichromate of potash; but, in a very short time, 
oxygen is evolved, and a potash-salt, together with a chromic 
salt, left in solution. For each atom of K0.2Cr03, four 
atoms of oxygen are evolved, provided an excess of HO, be 
present : 

K0.2Cr03 H- 0+4803 = KO.SO3 + Cr^Og.SSOa + 40. 

The peroxide of hydrogen first gives up 1 at. O to the 2 at. of 
CrOj, and forms Cr^O^ ; and this compound is subsequently 
resolved into Cr,03 and 40. With ether, perchromic add 
forms a more stable blue mixture than with water, and in 
this state may be made to unite with ammonia and with 
certain organic bases, forming very stable compounds, from 
which stronger acids separate the blue acid. 



ESTIMATION OF CHROMIUM, AND METHODS OF SEPARATING IT 

FROM THE PRECEDING METALS. 

Chromium is usually estimated in the state of sesquioxide. 
When it exists in solution in that state, it may be precipitated 
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by ammonia^ care being taken to avoid a large exceaa of that 
reagent (which would dissolve a portion), and to heat the 
liquid for some time. The chromic oxide is then completely 
precipitated, and the precipitate, after washing and drying, is 
reduced by ignition to the state of anhydrous sesquioxide, con- 
taining 70*1 per cent, of the metal. 

When chromium exists in solution in the state of diromic 
add, it is best to precipitate it by a solution of mercurous 
nitrate ; the mercurous chromate thereby thrown down yields 
by ignition the anhydrous sesquioxide. The chromic acid 
might also be pi^ecipitated and estimated in the form of a 
baryta or lead salt. 

Chromic acid may also be estimated by means of oxalic 
acid, which reduces it to sesquioxide, being itself converted 
into carbonic acid. The quantity of carbonic acid evolved 
determines the quantity of chromic acid present, 3 eq. CO^ 
corresponding to 1 eq. CrO,, as shown by the equation : 

2Cr03 + 3C2O3 = CraOg + eCOj. 

The mode of proceeding is the same as that adopted for the 
valuation of black oxide of manganese (p. 17). If the object 
be merely to determine the quantity of chromium present, any 
salt of oxalic acid may be used ; but if the alkalies are also to 
be estimated in the remaining liquid, the ammonia or baryta 
salt must be used. 

Chromic oxide, in the state of neutral or acid solution, is 
easily separated from the alkalies or alkaline earths, by pre- 
cipitation with ammonia, care being taken in the latter case 
to protect the Uquid and precipitate from the air. The same 
method, with addition of sal-ammoniac, serves to separate 
chromic oxide from magnesia. The separation from the 
alkaline earths and from magnesia may also be effected by 
precipitating the whole with an alkaline carbonate, and igniting 
the precipitate with a mixture of carbonate of soda and nitre. 
The chromium is then converted into chromate of soda, which 
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may be dissolyed out, and the solution, after neutralisation 
with nitric or acetic acid, treated with mercurous nitrate as 
above. 

From alumina snAfflucina, chromic oxide may be separated 
by treating the solution with excess of potash, and boiling 
the liquid to precipitate the chromic oxide. The separation 
is, however, more completely elBfected by fusing with nitre 
and carbonate of soda, treating the fused mass with water, 
adding an excess of nitric acid to dissolve anything that may 
be insoluble in water, and precipitating the alumina or glucina 
by ammonia. 

Another method of converting chromic oxide into chromic 
acid, and thereby effecting its separation firom the above- 
mentioned oxides, is to treat the mixture with excess of 
potash, and heat the solution gently with bioxide of lead. 
The whole of the chromium is then converted into chromic 
acid, and remains dissolved as chromate of lead in the alkaline 
liquid ; and on filtering from the excess of bioxide of lead, 
and any other insoluble matter that may be present, and 
supersaturating the filtrate with acetic acid, the chromate of 
lead is precipitated (Chancel).* 

Chromic acid may be separated from the alkalies in neutral 
solutions by precipitation with mercurous nitrate; also by 
reducing it to chromic oxide with hydrochloric acid and 
alcohol, and precipitating by ammonia. From the earths it 
may also be separated by this latter method, or, again, by 
fusing with carbonate of soda, dissolving out with water, &c. 

From manganese, iron (in the state of protoxide), cobalt, 
nickel, and zinc, chromium in the state of sesquioxide may 
be separated by agitation with carbonate of baryta, which 
precipitates the chromic oxide, leaving the protoxides in 
solution. The precipitate is then treated with dilute sulphuric 
add, which dissolves the chromic oxide and leaves the baryta, 

• Compt. rend, xliii. 927. 
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and the filtrate treated with ammonia to precipitate the 
chromic oxide. Chromium may also be separated from all 
these metals, except manganese, by fusion with nitre and 
carbonate of soda, or with the carbonate alone if it is already 
in the form of chromic acid. Or, again, the separation may 
be effected by means of potash and bioxide of lead, according 
to Chancel's method above described. 

From cadmium, copper, had, and tin, chromium is easily 
separated by hydrosulphnric acid. 

When sesquioxide of chromium and chromic acid occur 
together in a solution, the chromic acid may be precipitated 
by mercurous nitrate, the solution being first completely 
neutralised, and the sesquioxide precipitated from the filtrate 
by ammonia, which at the same time throws down a mercury, 
compound, to be afterwards separated firom the chromic acid 
by ignition. 



SECTION IV. 

VANADIUM. 

Eq. 68-55 (yr 8569 ; V. 

Vanadium, so named frt)m Vanadis, a Scandinavian deity, 
was discovered by Sefstroem in 1830, in the iron prepared 
from the iron ore of Taberg, in Sweden, and procured after- 
wards in larger quantity from the slag of that ore. It was 
found afterwards by Mr. Johnston, in a new mineral dis- 
covered by him, the vanadiate of lead, from Wanlockhead. It 
is one of the rarest of the elements. The metal itself has 
considerable resemblance in properties to chromium. It 
combines with oxygen in three proportions, forming the 
protoxide of vanadium, VO, bioxide, VOj, and vanadic add, 
VO3. 
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Protoseide of vanadium, YO^ 76*55 or 956*9^ is produced 
by the action of charcoal or hydrogen upon ranadic acid. It 
is a black powder of semi-metallic lustre, and when made 
coherent by pressure, conducts electricity like a metal. It 
does not combine with adds, and exhibits none of the cha- 
racters of an alkaline base. It is readily oxidised when 
heated in the open air, and passes into the following com- 
pound. 

Bioande of vanadium, Vanadic oxide, YO,, 84-55 or 1056*9, 
is produced by the action of hydrosulphuric acid and other 
deoxidating substances upon vanadic acid. When pure, it is 
a black pulverulent substance, quite free from any add or 
alkaline reaction. It dissolves in acids, and forms salts, most 
of which are of a blue colour. Yanadic salts form, with the 
hydrates and monocarbonates of the fixed alkalies, a greyish- 
white predpitate of hydrated vanadic oxide, which dissolves 
in a moderate excess of the reagent, but is predpitated by a 
large excess in the form of a vanadite of the alkali. Ammonia 
in excess produces a brown precipitate, soluble in pure water, 
but insoluble in water containing ammonia. Ferrocyanide 
of potassium forms a yellow predpitate, which turns green on 
exposure to the air. Hydrosulphuric acid produces no pre- 
dpitate. Sulphide of ammonium forms a bla^k-brown pre- 
dpitate, soluble in excess. Tincture of galls forms a finely- 
divided black predpitate, which gives to the liquid the 
appearance of ink. 

Bioxide of vanadium is also capable of acting as an add, 
and forms compounds with alkaline bases, some of which are 
crystallisable. It is hence called vanadous acid, and its salts 
vanadites. These salts in the dry state are brown or black ; 
they are all insoluble in water, excepting those of the alkalies. 
The solutions of the alkaline vanadites are brown, but when 
treated with hydrosulphuric acid, they acquire a splendid red- 
purple colour, arising from the formation of a sulphur-salt. 
Adds colour them blue, by forming a double salt of vanadic 
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oxide and the alkali. Tincture of galls ccdonra them Uackish- 
blue. The insoluble yanadites, when moistened or corered 
with water, become green, and are conrerted into salts af 
vanadic acid. 

VoMdic acid, VO,; 92*55 or 1156-9. — It is in this state 
that ranadinm occurs in the slag of the iron-ore of Taber^g, 
and in the yanadiate of lead. It is obtained by dissolving the 
latter mineral in nitric acid, and precipitating the lead and 
arsenic, with which the vanadium is accompanied, by hydro- 
sulphuric acid. A blue solution of bioxide of vanadium 
remains, which becomes vanadic acid when evaporated to 
dryness. Vanadic acid fuses but retains its oxygen at a 
strong red heat. It is very sparingly soluble, water taking up 
only 1-1 00th of its weight of this compound, thereby acquiring 
a yellow colour and an acid reaction. It acts the part of a 
base to stronger acids. An interesting double phosphate of 
silica and vanadic acid was observed in crystalline scales, of 
which the formula is 2Si03.P05 + 2VO3.PO5 + 6H0. Vanadic 
acid forms, with bases, neutral and add salts, the first of 
which admit of an isomeric modification, being both white 
and yellow, while the acid salts are of a fine orange-red. 
Vanadic and chromic acids are the only acids of which the 
solution is red, while they are distinguished firom each other 
by the vanadic acid becoming blue, and the chromic acid 
green, when they are deoxidised. All the vanadiates are, 
more or less soluble in water; some of them, however, as 
the baryta and lead salts, are very sparingly soluble. The 
vanadiates of the alkalies are sparingly soluble in cold water, 
especially if it contains a free alkali or another alkaline salt ; 
e. ff., vanadiate of ammonia is nearly insoluble in water con- 
taining sal-ammoniac ; hence on treating a solution of vana- 
diate of potash with excess of sal-ammoniac, a precipitate of 
vanadiate of ammonia is produced. The aqueous solutions of 
the vanadiates are coloured red by the stronger acids, but the 
mixture often becomes colourless again after a while. They 
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give orange-red precipitates with the salts of terowide of 
antimony y protoxide of lead, protoxide of copper, and prot- 
oxide of mercury. Hydromlphuric acid produces in neutral 
solutions of the vanadiates a mixed precipitate of sulphur and 
hydrated vanadic oxide; in acid solutions, it merely throws 
down sulphur and reduces the vanadic acid to vanadic oxide. 
Sulphide of ammonium imparts to solutions of the vanadiates 
a brown-red colour, and, on adding an acid to the solution, a 
light brown precipitate is formed, consisting of vanadic sul- 
phide mixed with sulphur; the liquid at the same time 
generally acquires a blue colour. 

All compounds of vanadium heated with borax or phos^ 

phortis salt in the outer blowpipe flame, produce a clear 

bead, which is colourless if the quantity of vanadium be 

small, yellow if it be large; in the inner flame, the bead 

acquires a beautiful green colour. 

Sulphides and chlorides of vanadium, corresponding with 
the bioxide and vanadic acid have likewise been formed."!^ 



ESTIMATION OF VANADIUM, AND METHODS OF SEPAAATINO IT 

FKOM THE PRECEDING METALS. 

Vanadium, in the state of vanadic oxide or vauadic acid, is 
estimated by reducing it to the state of protoxide by ignition 
in a stream of hydrogen ; 100 parts of the protoxide contain 
90*54 of the metal. 

In solutions of vanadous salts, the vanadium is precipitated 
by mixing the solution with excess of mercuric chloride (cor- 
rosive sublimate), and then with ammonia. The precipitate, 
consisting of mercuric vanadiate, and amido-chloride of mer- 
cury, is ignited, whereupon vanadic acid remains mixed only 
with a small quantity of mercuric oxide, from which it is 
separated by solution in carbonate of ammonia. 

• Benelius, Ann. Ch. Phya. [2.] xlvii. 337. 
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When vanadic acid is dissolved in a liquid^ it may be ob- 
tained by evaporating the liquid, and if volatile acids or 
ammonia are also present, by igniting the residue. 

Vanadic acid may be separated from many adds and other 
substances, by causing it to unite with ammonia, expeUing 
the excess of ammonia by evaporation, and then adding a 
saturated solution of sal-ammoniac, in which vanadiate of 
ammonia is insoluble. The precipitate is then washed on a 
filter, first with solution of sal-ammoniac, then with alcohol, 
and the ammonia driven off by ignition. This method serves 
to separate vanadic acid firom the fixed alkalies. 

Vanadium may be separated from many of the preceding 
metals by the solubility of its sulphide in sulphide of axomo- 
nium ; and from others, which are precipitated from their acid 
solutions by hydrosulphuric acid, by acidulating the liquid, 
and passing hydrosulphuric acid gas through it ; the vanadium 
then remains dissolved in the form of vanadic oxide. 

From lead, baryta, and strontia, vanadic acid may be 
separated by fusion with bisulphate of potash ; on treating 
the fused mass with water, sulphate of lead, baryta;, or stron- 
tia remains, while vanadiate of potash is dissolved. Sulphuric 
acid cannot be used to effect this separation, because the pre- 
cipitated sulphate always carries down with it a portion of the 
vanadium. 



SECTION V. 

TUNOSTBN. 

Syn. WOLFRAM. Eg. 94*64, or 1183 ; W. 

This element exists in the form of tungstic acid in several 
minerals, the most important of which are the native tungstate 
of lime CaO.WOj, and wolfram, or the tungstate of manganese 
and iron, MnO.W03 + 3{PeO.WOs). Its name tungsten 
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means in Swedish^ heavy stone , and is expressive of the great 
density of its compounds. 

Tungstic acid parts with oxygen easily^ and may be reduced 
in a glass tube, by means of dry hydrogen gas, at a red heat. 
The metal is thus obtained in the state of a dense, dark grey 
powder, which it is necessary to expose to a yery violent heat 
to fuse into globules, for tungsten is even less Visible than 
manganese. The metal, when fused, has the colour and 
lustre of iron, and is not altered in air : it is one of the 
densest of the metals, its specific gravity being from 17'22 
to 17'6. By passing the vapour of chloride or oxychloride of 
tungsten mixed with hydrogen, through a red-hot glass tube, 
the metal is obtained in the form of a dense specular film of 
steel-grey colour, and sp. gr. 16*54 (Wohler). When heated 
to redness in the pulverulent form, it takes fire, bums, and 
is converted into tungstic acid. Tungsten forms two com- 
pounds with oxygen, viz., tungstic oxide, WO2, and tungstic 
add, WO3. 

Tungstic oxide, WO^ 110-64 or 1883.— This oxide is ob- 
tained as a brown powder when tungstic add is reduced by 
hydrogen at a temperature not exceeding low redness. Timg- 
stic add may also be deprived of oxygen in the humid way, by 
pouring diluted hydrochloric add over it, and placing zinc in 
the liquor; the tungstic acid then gradually changes into 
tungstic oxide, in the form of brilliant crystalline plates of a 
copper-red colour. No saline compounds of this oxide with 
acids are known. When digested in a strong solution of 
hydrate of potash, it dissolves, with disengagement of hydrogen 
gas and formation of tungstate of potash. 

A compound of tungstic oxide and soda, NaO.SWO^, of a 
very singular nature, was discovered by Wohler. It is obtained 
by addiag to fused tungstate of soda as much tungstic add as 
it will take up, and exposing the mass at a red heat to 
hydrogen gas. After dissolving out the neutral undecomposed 
tungstate by water, the new compound remains in golden 

VOL. II» N 
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yellow scales and regular cubes^ possessing the metallic Insixe 
of^ and a striking resemblance to gold. This compound is not 
decomposed by aqua r^ia^ sulphuric or nitric add, or by 
alkaline solutions^ but yields to hydrofluoric add. It cannot 
be prepared by uniting soda directly with tungstic oxide. 

Tungatic acid, WO3 ; 118*64 or 1483^ is most conveniently 
obtained by decomposing the natiire tungstate of lime, finely 
pulverised, by hydrochloric acid; chloride of calcium is dis- 
solved, and tungstic acid precipitates. It is also obtained from 
wolfram by digesting that mineral in nitro-hydrochloric acid, 
which dissolves the oxides of iron and manganese, and leaves 
the tungstic acid in the form of a yellow powder — or by fusing 
the mineral with four times its weight of nitre ; treating the 
fused mass with water to dissolve out the tungstate of potash 
thereby produced ; adding chloride of calcium to the filtrate 
to throw dovFn the tungstic acid as tungstate of lime ; and 
decomposing the washed lime-salt with nitric add. Dissolved 
in ammonia and reprecipitated by adds, tungstic add always 
forms a compound with the add employed. It may be ob- 
tained in the separate state by heating the tungstate ci 
ammonia to redness. It is an orange-yellow powder, which 
becomes dull green when strongly heated. Its density is 6*12. 
It is quite insoluble in water and in acids, but dissolves in 
alkaline solutions. 

Timgstic add forms both neutral and add salts with the 
alkalies. Neutral tungstate of potash KO.WO3 is a very 
soluble salt, which may be obtained in small crystals by 
evaporating its solution. When a little add is added to 
the solution, an acid salt precipitates, which is very slightly 
soluble in water. The neutral tungsttUe of soda is also very 
soluble, but may be obtained in good crystals, which contain 
a large quantity of water of crystallisation. The add tung- 
state of soda Na0.2W03 is very crystallisable, and soluble in 
eight parts of water. A combination of tungstic acid with 
tungstic oxide, WO^^WOs, is obtained as a fine blue powder 
when tungstate of ammonia is heated to redness in a 
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retort, and is also produced iinder other circumstances. 
Malagnti is disposed to consider this compound as a distinct 
acid of timgsten, W3O5. * 

All the salts of tungstic acid have a very high specific gra- 
vity. The alkaline and earthy tnngstates are colourless. The 
only soluble tungstates are those of the alkalies and magnesia. 
Solutions of the alkaline tungstates give, ivith hydrochloric, 
nitric, sulphuric, and phosphoric acid, white precipitates con- 
sisting of compounds of tungstic acid with the other add. The 
precipitate formed by phosphoric acid dissolves in excess of 
that reagent; the precipitates formed by the other three acids 
turn yellow on boUing. A solution of an alkaline tungstate 
supersaturated with sulphuric, hydrochloric, phosphoric, oxalic, 
or acetic acid, yields, on the introduction of a piece of zinc, 
a beautiful blue colour arising from the formation of blue oxide 
of tungsten ; this effect is not produced with nitric, tartaric, or 
citric add. Solutions of alkaline tungstates form with lime- 
water and with salts of baryta, lime, zinc, lead, mercury, and 
silver, white precipitates consisting of tungstates of those 
bases. A soluble tungstate mixed with sulphide of ammonium 
and then with an acid in excess, yields a light brown precipi- 
tate of sulphide of tungsten, soluble in sulphide of ammonium. 

With borax and phosphorus-salt in the outer blow-pipe 
flame, tungstic add forms a colourless bead; in the inner flame 
it forms with borax, a yellow glass, if the quantity of tung- 
sten present be somewhat considerable, but colourless with a 
smaller quantity. With phosphorus-salt in the inner flame it 
forms a glass of a pure blue colour, unless iron is also present, 
in which case the colour is blood-red ; the addition of tin, 
however, renders it blue. 

The above mentioned characters of tungstic add, though 
general, are not invariable. Tungstic acid appears to be sus- 
ceptible of certain modifications analogous to those of phos- 
phoric add, and depending upon the proportions in which it 

• Ann. Ch. Phys. [2], Ix. 271. 
ir 2 
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unites with water and other bases. In some of these modifi- 
cations it is much more soluble than in others^ and is not 
precipitated by nitric or hydrochloric acid. 

Laurent distinguished fire or six classes of tungstates^ viz., 
1. Ordinary tungstateSy WO3MO, with or without water (M 
denoting a metal or hydrogen). To this class belong the neu- 
tral potash^ soda^ and baryta-salts, and most of the insoluble 
salts of tungstic acid. No acid salts of this class appear to exist. 
The solution of an ordinary tungstate dropped into excess of 
dilute nitric acid produces a gelatinous precipitate. The hy- 
drated tungstic acid obtained by the action of aqua regia on 
wolfram belongs to this variety, its formula being WO3.HO. 
2. Paratunffstates, W40^2.2MO, with or without water. 
To this class belong the salts commonly called bitungstates of 
potash, soda, ammonia, baryta, &c. They all, excepting the 
soda-salt, dissolve but sparingly in water. The solutions give 
no precipitate on the addition of very small quantities of 
nitric acid, or of very weak hydrochloric acid. They give 
precipitates with the ammoniacal solutions of nitrate of mag. 
nesia, zinc, and silver, which the ordinary tungstates do not. 
8. Metatungstates, W3O9.MO, with or without water. The 
ammonia-salt of this variety is formed by boiling a solution 
of the paratungstate for several hours ; the solution filtered 
when cold and then evaporated to a syrup, yields very soluble 
octohedrons. The solution is not precipitated by concentrated 
hydrochloric acid —4. Isotungstaies, WjO^.MO, with or with- 
out water. The ammonia-salt is formed by boiling meta- 
tungstate of ammonia with excess of ammonia; it is but 
slightly soluble in water. The acid, which may be separated 
from it by means of another acid, is principally characterised 
by reproducing the isotungstate when treated with ammonia. 
5. Polytungstates, WgOig-SMO. When the yellow acid ob- 
tained from wolfram is treated with ammonia, and the solution 
slowly evaporated, paratungstate of ammonia is first deposited 
and afterwards the isotimgstate. The mother-liquor separates 
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into two layers^ one of which is brown and syrupy^ and changes 
on drying to an easily soluble crystalline mass^ probably a 
doable salt of ammonia and iron. Boiled with strong nitric 
acid^ it yields a precipitate which is not gelatinous, and does 
not turn yellow when boiled. Polystungstic acid is further 
characterised by forming with ammonia a very soluble salt^ 
which becomes gummy on evaporation. 6. Laurent also, 
mentioned another class of tungstates, viz., Homotunff states, 
containing W5O15.MO. According to Margueritte* also 
there exist acid tungstates containing 3, 4, 5 and 6 eq. of 
acid to 1 eq. of base. 

The composition of the tungstates has also been recently 
examined by W. Lotz f, whose results differ in many points 
from the preceding. According to Lotz, crude tungstic acid, 
obtained from wolfram by the action of hydrochloric and a 
small qxumtity of nitric acid, yields by digestion with ammo- 
nia and evaporation at a very gentle heat, yellow needles of 
an ammonia-salt containing SNH^O . TWOg + 6HO, or 
2(NH40.2W03) + NH4O . 3WO3 + 6H0. By mixing warm 
concentrated solutions of 1 eq. of monotungstate of soda, and 
rather more than 1 eq. chloride of ammonium, a double salt 
is obtained,composed of (2NH4O . WO3) + NaO . WO3 -f 3HO; 
and by adding 1 eq. metatungstate of soda to a boiling solu- 
tion of 2 eq. chloride of ammonium, another double salt is 
formed containing 3NaO . 7WO3 + 4(3NH40 . 7WO3) + 14H0. 
The needle-shaped ammonia-salt mixed with solutions of the 
neutral salts of barium, strontium, manganese, nickel, and 
lead, yields precipitates of the general formula 3M0 . 7WO3. 
With alumina a white curdy precipitate is formed contaLoing 
AI2O3 . 7WO3 +9H0. Sesquioxide of chromium forms a salt 
of a similar constitution. With magnesia, a sparingly soluble 
crystalline double salt is formed, containing 2(MgO . 2WO3) + 
NH4O . 3WO3 + lOHO ; a similar double salt with zinc. Cad- 

• Ann. Ch. Pbys. [3], xvii. 475. 
t Ann. Ch. Fharm. xd. 49. 

K 3 
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mium also forms a double salt oontaining 8NH4O . 7WO3+ 
4(3CdO . 7W3O) -f 85HO. To the octohedral tungstate of am- 
monia^ which was regarded by Margueritte a8_NH40 . SWOj + 
5 HO, and by Laurent as a metastungstate containing 

{NHJiH.W30,o+5HO,or^^^*^l 18WO3-f30HO. Lotz 

assigns the formula 2{NH40 . 4WO3) + 15 eq. The solution of 
this salt is not precipitated by nitric or hydrochloric acid at 
ordinary temperatures, but after continued boiling yields a 
yellow precipitate ; but if it be previously mixed with potash, 
the addition of an acid produces an immediate white precipi- 
tate, which turns yellow on boiling; the needle-shi^d salt 
gives an immediate precipitate with acids, without previous 
addition of alkali. The octohedral salt differs from the 
needle-shaped salt also, in not forming precipitates with 
solutions of the earths and other metallic oxides, except when 
previously mixed with ammonia, by which, indeed, it is con* 
verted into the salt 3NH4O . 7 WO,. 

Sulphides of tungsten, — The bisulphide is prepared by mix- 
ing one part of tungsten with six parts of cinnabar, and 
exposing the mixture, covered with charcoal, in a crucible, to 
a white heat ; or, according to Roche, by fusing bitung- 
state of potash with an equal weight of sulphur, and washing 
the fused mass with water. The tersulphide is formed by 
dissolving tungstic acid in an alkaline sulphide, and precipi- 
tating by an acid. It is of a liver-brown colour, and becomes 
black on drying. The tersulphide of tungsten has a certain 
degree of solubility in water containing no saline matter, and 
is a strong sulphur-acid. The salt KS.WS3 forms pale red 
crystals. Two parts of this sulphur-salt dissolved in water 
with one part of nitre, give large and beautiful ruby-red 
crystals of a double salt, KS.WS3-I- KO.NO5. 

Phoftphides of tungsten. — Phosphorus and tungsten com- 
bine directly, but without emission of light and heat, when 
finely pounded metallic tungsten contained in a glass tube is 
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heated to redness in phosphoms vaponr. The resulting 
compound is a dull^ dark grey powder, very difficult to oxidise, 
and containing WgP^. Another compound, W4P, is obtained 
in magnificent crystalline groups, having exactly the appear- 
ance of natural geodes, by reducing a mixture of 2 eq. phos- 
phoric and 1 eq. tungstic acids at a very high temperature 
in a crucible lined with charcoal. The crystals are six-sided 
prisms, sometimes an inch long, of a steel-grey colour, and 
strong lustre; their specific gravity is 5*207. This compound 
is a perfect conductor of electricity; undergoes no change 
when heated to the melting point of manganese in a close 
vessel, and remains nearly unaltered when heated to redness 
in the air; but bums with great splendour on charcoal in a 
stream of oxygen, or on fused chlorate of potash ; it is not 
attacked by any acid, not even by aqua-regia (Wohler).* 

Bichloride of tungsten, WCl^, is formed when metallic 
tungsten is heated in chlorine gas. It condenses in dark red 
needles, which are very fusible and volatile. This chloride is 
decomposed by water, and tungstic oxide with hydrochloric 
acid formed. 

Terchloride of tungsten, WCI3, is produced at the same time 
as the last compound, and also when the sulphide of tungsten 
is heated in chlorine gas. It forms a sublimate of beautiful 
red crystals, which are i*esolved by water into timgstic and 
hydrochloric acids. A chlorotungstic add, or double com- 
pound of terchloride of tungsten and tungstic acid, WO^Cl, 
or WCI3 . 2WO3, is prepared by heating tungstic oxide in 
chlorine gas. It condenses in yellow crystalline scales : when 
suddenly heated, it is resolved into tungstic acid, bichloride 
of tungsten, and chlorine. Another compoimd is known, 
containing 2WCI3 . WO3 (Bonnet). 

According to A. Richef, the terchloride of tungsten is the 
only product obtained when tungsten is heated in pure dry 

* Ohem. Soo. Qu. J. y. 94k f Compt. r«nd. zlii. 208. 

If 4 
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chlorine gas : it crystallises in needles, not of a red but of a 
steel-grey colour. The bichloride is formed in smaU quan- 
tity, as a blackish-brown mass, by heating the terchloride in 
dry hydrogen ; and the red oxychloride WCl^O, by passing 
chlorine gas over a mixture of tungstic acid and charcoal, and 
distilling the product in an atmosphere of hydrogen. 



ESTIMATION OF TUNGSTEN, AND METHODS OF SEPARATING IT 

FROM THE PRECEDING METALS. 

Tungsten is always estimated in the form of tungstic acid. 
When this acid exists in a solution not containing any 
other fixed substance, it is sufficient to evaporate to dryness 
and ignite the residue. The tungstic acid is then obtained 
in a state of purity, and contains 79*76 per cent, of the metal. 
Tungstic oxide is easily converted into tungstic acid by fusion 
with carbonate of soda. 

The best method of separating tungstic add from thefi^ced 
alkalies is to treat the solution, after exact neutralisation with 
nitric acid, with a solution of mercurous nitrate. Mercurous 
tungstate is then precipitated, and the mercury may be ex- 
pelled from the dried precipitate by careful ignition in a good 
draught. 

The separation of tungstic acid from the earths may be 
efiFected by decomposing the compound with nitric acid, and 
treating the decomposed mass with carbonate of ammonia, 
which dissolves the tungstic acid. 

Tungstic acid may be readily separated from many metallic 
oxides, such as the oxides of iron, manganese, nickel, cobalt, 
lead, &c., by fusing the whole with carbonate of soda, and 
digesting the fused mass with water, which dissolves the 
tungstic acid and leaves the oxides undissolved. 

From titanic acid, tungstic acid is separated by ammonia, 
which dissolves only the latter. 

The best mode of separating t^jngstic acid from chromic 
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acid, is to treat the coBcentrated solution with excess of 
hydrochloric acid^ which precipitates the greater part of the 
tungstic acid ; then boil with alcohol to reduce the chromic 
acid to chromic oxide; and dissolve the tungstic acid by 
ammonia. 



SECTION VI. 

MOLYBDENXTM. 

Eg. 47-88 or 598-5 ; Mo. 

This metal is closely allied to tungsten. Its native sid- 
phide was first distinguished from plumbago by Scheele^ in 
1778; and a few years afterwards^ molybdic add, which he 
had formed, was reduced, and molybdenum obtained from it, 
by another Swedish chemist, Hjelm. The name molybdenum 
is derived from the Oreek term for plumbago. 

The oxides of molybdenum are easily reduced, when exposed 
to a strong heat in a crucible lined with charcoal, but the 
metal itself is very refractory. Bucholz, who obtained it in 
rounded buttons, found it to be a white metal, of density 
between 8*615 and 8*636. It may be reduced from its chlo- 
rides by hydrogen, like tungsten (p. 177.), and then forms 
a light steel-grey specular deposit, adhering to the glass 
(Wohler), It is not acted upon by hydrochloric, hydro- 
fluoric, or diluted sulphuric acid; but is dissolved by con- 
centrated sulphuric acid, by nitric acid, and by aqua-regia. 
Hydrate of potash does not dissolve this metal in the humid 
way. Molybdenum combines in three proportions with oxy- 
gen, forming molybdous oxide, MoO, molybdic oxide, MoOj, 
and molybdic acid, M0O3. 

Molybdous oxide, MoO, 55*88 (yr 698*5. — This oxide is 
obtained by adding to the concentrated solution of any 
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molybdate^ so much hydrochloric add as to redissolve the 
molybdic acid which is at first thrown down, and pkcing zinc 
in the liquid ; this becomes first blue, then reddish-farown, 
and finally black, and contains the chloride of zinc and proto- 
chloride of molybdenum. To separate the oxide of molyb- 
denum from the oxide of zinc, ammonia is added to the liquid 
in quantity no more than sufficient to precipitate the former, 
while the latter remains in solution. The molybdous oxide 
carries down with it a portion of oxide of zinc, from which it 
may be freed by washing with ammonia : it is thus obtained 
as a hydrate of a black colour. The hydrate of molybdous 
oxide dissolves with difficulty in adds, forming solutions 
which are almost black and opaque, and which do not yield 
crystalUsable salts. These solutions yidd with the aikalies 
and their carbonates a brownish-black predpitate of the 
hydrated oxide, insoluble in the caustic alkalies, slightly 
soluble in the neutral carbonates, but readily soluble in bicar- 
bonate of potash or carbonate of ammonia. Hydrosulphmic 
acid throws down a brown-black precipitate, and sulphide 
of ammonium a yellowish-brown precipitate of sulphide of 
molybdenum, easily soluble in sulphide of ammonium. Ferro- 
cyanide or ferricyanide of potassium forms a dark-brown 
precipitate, insoluble in excess. Phosphate of soda forms a 
brownish-white precipitate. Molybdous oxide resists, after 
ignition, the action of all acids. 

Molybdic oxide, MoOj,; 63-88 or 798-5. — This oxide 
may be obtained by igniting molybdate of ammonia in a 
covered crucible, but mixed with a little molybdic add. 
It is better procured by igniting rapidly, in a covered 
crucible, a mixture of anhydrous molybdate of soda (which 
may contain an excess of soda) with sal-ammoniac. Water 
poured upon the fused mass dissolves common salt, and leaves 
a brown powder almost black. But molybdic oxide prepared 
in this way is insoluble in acids. The hydrated oxide may 
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be obtained in varions ways, one of which consists in digesting 
molybdic acid with hydrochloric acid and copper^ till all the 
molybdic acid is dissolved. From the solution, which is of a 
deep-red colour, molybdic oxide is precipitated, in appearance 
exactly similar to the hydrated sesqniozide of iron, by 
ammonia added in sufficient excess to retain all the oxide of 
copper in solution. The hydrate has a certain degree of 
solubility in pure water, and should, therefore, be washed 
with solution of sal-ammoniac, and lastly with alcohol. 
This hydrate reddens litmus paper, but possesses no other 
property of an acid. It is not dissolved by the hydrated 
alkalies, but is soluble in their carbonates, like several earths 
and metallic oxides. It dissolves in adds and forms salts, 
which are red when they contain water of crystallisation, and 
black when anhydrous. The aqueous solutions of these salts 
have a reddish-brown coloiur, and a rough, somewhat acid 
and subsequently metallic taste. When heated in the air, 
they have a tendency to become blue by oxidation. With 
rtnc, they first blacken, and then yield a black precipitate of 
hydrated molybdous oxide. Their behaviour with alkalies, 
hydrosulphuric acid &c., is similar to that of the molybdous 
salts, excepting that the precipitates are lighter in colour. 
The oxalate of molybdic oxide may be obtained in crystals by 
spontaneous evaporation. 

Molybdic acid, M0O3 ; 71*88 or 898*5. — The native sulphide 
of molybdenum, in fine powder, is roasted in an open crucible, 
with constant stirring, at a heat not exceeding low redness, 
so long as sulphurous acid goes off. It leaves a dull yellow 
powder, which is impure molybdic acid. This is dissolved in 
ammonia.^ and the molybdate of ammonia purified by evapora* 
tion, during which some foreign matters are deposited, and 
crystallised. The crystallised salt, exposed to a moderate 
heat, so as to avoid fusion, gives off its ammonia, and leaves 
molybdic acid in a state of purity. The acid thus prepared is 
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a white and light porous mass^ which may be diffused in 
water^ and divides into little crystalline scales of a silky lustre* 
It fuses at a red heat^ and forms on cooling a straw-coloured 
crystalline mass^ the density of which is 3*49. This acid forms 
no hydrate. It requires 570 times its weight of water to dis- 
solve it. Before being ignited^ it is soluble in acids^ and 
forms a class of compounds^ in which it appears to play the 
part of base^ but of which not much is known. When boiled 
with bitartrate of potash^ molybdic acid dissolves, even after 
being fused by heat. 

When a solution of bichloride of molybdenum is poured 
into a saturated or nearly saturated solution of molybdate of 
ammonia^ a blue precipitate falls, which is a molybdate of 
molybdic oxide, MO2.2MO3. This compound is likewise 
readily formed in a variety of other circumstances. 

The salts of molybdic acid are colourless, when their base 
is not coloured. When they are treated vrith other acids, 
molybdic acid is precipitated, but dissolves in an excess of 
the acid. It forms both neutral and acid salts with the 
alkalies. These alkaline molybdates are the only ones that are 
easily soluble in water; of the rest, some dissolve sparingly, 
and others are completely insoluble. Solutions of the alka- 
line molybdates are coloured yellow by hydrosulphtaric acid 
from formation of a sulphomolybdate of the alkali-metal 
(MS,MoS3), and then yield with acids a brown precipitate of 
tersulphide of molybdenum. This is an extremely delicate 
test for molybdic acid. They form white precipitates with 
salts of the earthSy and precipitates of various colours with 
salts of the heavy metals ; e. g. white with lead and silver 
salts; yellow with ferric salts; and yellowish- white with 
mer cur Otis salts. — Protochloride of tin produces immediately 
a greenish blue precipitate, soluble in hydrochloric acid 
forming a green solution ; which turns blue on the addition 
of a very small quantity of the tin-solution. — When tribctsic 
phosphoric acid, or a liquid containing it, is added to the 
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solution of molybdate of ammonia^ together witli au excess of 
hydrochloric acid, the liquid turns yellow, and after a while 
deposits a yellow precipitate of molybdic acid combined with 
small quantities of phosphoric acid and ammonia. This pre- 
cipitate is soluble in ammonia and likewise in excess of the 
phosphate. The reaction is therefore especially adapted for 
the detection of small quantities of phosphoric acid. The 
bibasic and monobasic phosphates do not produce the yellow 
precipitate. Arsenic acid gives a similar reaction. According 
to Seligsohn*, the yellow precipitate is k phosphomolybdate of 
ammonia 2(3NH40 . PO5) + 15(H0 . 4M0O3). By digesting it 
in a dilute solution of acetate of potash or soda, crystal- 
line double salts are formed, containing 2(3NH40.P05) + 

T^ q|.4Mo03J. With acetate of baryta, a double 

salt is formed, containing 3NH4O.PO5 + 30(BaO.MoO3) ; and 
similarly with acetate of lead. 

Molybdic acid and other compounds of molybdenum form 
a colourless bead with borax and phosphorus-salt in the outer 
blowpipe flame. In the inner flame, they form a brown 
bead with borax and a green bead with phosphorus-salt. 

Molybdates of potash, — The monomolybdate, KO.M0O3, ^ 
obtained by agitating the termolybdate with an alcoholic 
solution of potash : it then separates as an oily mass, which, 
when dried over lime and sulphuric acid, crystallises in four- 
sided prisms containing 2(KO.Mo03) 4- HO. It is also ob- 
tained by mixing a solution of molybdate of ammonia with 
excess of carbonate of potash, and evaporating to a syrup. 
Bimolybdate of potash does not appear to exist. When a 
solution of molybdic acid in carbonate of potash is mixed with 
strong nitric or hydrochloric acid till a slight permanent pre- 
cipitate is produced, the liquid after a while yields crystals of 
a salt containing 4KO.9M0O3 + 6H0 : and this salt is decom- 

• J. pr. Chem. Ixrii. 474. 
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posed by water into monomolybdate^ which dissolves readily, 
and termolybdate which is sparingly soluble : 

2(4K0.9Mo03) = 3(KO.Mo03) + 5(K0.3Mo03). 

The termolybdate dissolves easily in boiling water^ and separates 
as a bulky white precipitate when the solution is quickly 
cooled ; but by slow cooling it is obtained in needles, having 
a beautiful silky lustre and containing KO.3M0O3 + ^ ^^^ 
Nitric acid added in excess to a solution of molybdic acid in 
carbonate of potash throws down a white precipitate consisting 
sometimes of quadromolybdate and sometimes of pentamo- 
lybdate of potash, both anhydrous (Svanberg and Struve).* 

Monomolybdate of soda, NaO.Mo03 + 2HO, is obtained by 
fusing molybdic acid with an equivalent quantity of carbonate 
of soda. It is easily soluble in water, and crystallises in small 
rhombohedrons, which melt easily and give off their water. 
The bimolybdate, NaO.ZMoOg -I- HO, is obtained in a similar 
manner. It crystallises in needles, aud dissolves sparingly in 
cold, readily in boiling water. The termolybdate is obtained 
by adding nitric acid to a solution of molybdic acid in car- 
bonate of soda, as a bulky white precipitate, more soluble 
than the corresponding potash-salt. The solution yields crys- 
tals containing Na0.3Mo03 + 7H0. Nitric acid added in 
excess to a solution of molybdate of soda throws down nothing 
but molybdic acid (Svanberg and Struve).t 

Monomolybdate of ammonia, NH4O.M0O3, obtained by 
treating molybdic acid in excess with strong solution of 
ammonia in a closed vessel, then precipitating with alcohol, 
and drying over quick lime, forms microscopic four-sided 
prisms, which are anhydrous. The bimolybdate, 'NHfi/^MoO^^ 
is deposited as a white crystalline powder when a solution of 
molybdic acid in excess of ammonia is quickly evaporated. A 
solution of molybdic acid in ammonia, evaporated by heat to 

• Ann. Ch. Fhann. IxTiii. 494. f Ann. Ch. Phann. Ixriii. 404. 
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the crystallising point, or left to evaporate in the air, deposits 
large transparent six-sided prisms containing NH4O.2M0O3 
+ NH4O.8M0O3 + 3H0 (Svanberg and Struve). 

Monomolybdate of baryta, BaO.MoOg, is precipitated as a 
sparingly soluble crystalline powder on adding chloride of 
barium to a solution of molybdic acid in excess of ammonia* 
Baryta-salts, containmg BaO.SMoOs + SHO and Ba0.2Mo03 
-H Ba023Mo03 + 6U0, are obtained by precipitating the cor- 
responding potash and ammonia-salts with chloride of barium. 
By decomposing monomolybdate of baryta with dilute nitric 
acid, an add salt is formed containing BaO.QMoOs 4- 4H0 ; 
it crystallises in small six-sided prisms, fusible and insoluble 
in water (Svanberg and Struve). 

Monomolybdate of magnesia, MgO.MoOj + 5H0, is obtained 
in distinct crystals by boiling molybdic acid and magnesia alba 
with water, and evaporating the filtrate ; it gives off 8 eq. 
water at 212° (Struve).* 

Molybdate of manganous oxide, MnO.Mo03 4- HO, is ob« 
tained as a heavy white powder, by treating carbonate of 
manganese with termolybdate of potash or soda. 

Protosulphate of iron added to a solution of molybdate of 
potash, reduces the molybdic acid to a lower state of oxida- 
tion ; but if chlorine gas be passed through the solution at the 
same time, a bulky precipitate is formed, which, when dried in 
the air, forms a light yellow powder, consisting oSpentamO" 
lybdate of ferric oxide, Fe^Os-SMoOg + 16HO. 

By boiling the solution of termolybdate of potash or soda» 
or acid molybdate of ammonia, with hydrate of alumina, man^ 
game oxide, ferric oxide^ or chromic oxide, and evaporating to 
the crystallising point, double salts are obtained. The com* 
position of the double salts containing alumina, ferric oxide, 
or chromic oxide with potash or oxide of ammonium, may 
be represented by that of the alumina and potash-salt, viz., 

• Ann. Oh. Fharm. xcri. 266. 
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ALjOg.eMoOa + 3(K0.2Mo03) + 20HO. The potassio-man 
^anic salt containfl Mn^Og.eMoOa + 5(K0.2Mo03) + 12HO. 
The ammonio-manffanic salt is similarly constituted. The 
sodiO'Chromic salt contains Cr303.6Mo03 + 3(Na0.2Mo03) -h 
21 HO (Struve). 

Acid molybdate of ammonia^ added to a boiling solution of 
sulphate of copper^ throws down a heavy green amorphous 
powder^ consisting of basic molybdate of copper, 4CUO.3M0O3 
+ 5 HO. By adding molybdate of ammonia in excess to a 
cold solution of sulphate of copper^ a double salt is formed^ 
consisting of CUO.2M0O3 + NH4O.3M0O3 + 9H0. It is a 
white-blue crystalline powder, which gives off 4 eq. of water 
at 212'' and 4 eq. more at 266° (Struve). 

Molybdate of had, PbO.MoOj, is formed by precipitating 
nitrate of lead with termolybdate of potash. It is a heavy 
white powder which melts only at a high temperature. It 
occurs finely crystallised as a mineral. Chromate of lead is 
dimorphous, and corresponds in the least usual of its forms 
with molybdate of lead: hence molybdenum is connected 
with the magnesian metals, and tungsten also with the same 
class, from the isomorphism of the tungstates and molybdates. 

StUphides of molybdenum. — The bisulphide is the ore from 
which the compounds of this metal are derived. It occurs in 
many parts of Sweden, and might be procured in quantity if 
any useful application of the metal were discovered. It is a 
lead-grey mineral, having the metallic lustre, composed of 
flexible laminae, soft to the touch, and making a streak upon 
paper like plumbago. Nitric acid oxidates it easily, without 
dissolving it. Its density is from 4'138 to 4*569. KtersuU 
phide of molybdenum is obtained in the same way as the 
corresponding compound of tungsten, and affords crystallisable 
sulphur-salts which are red. The sulphomolybdate of potas- 
sium combines likewise with nitrate of potash. When a 
solution of the former salt is boiled with tersulphide of molyb- 
denum in excess, the latter is converted into bisulpliide of 
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molybdenum^ and a quadrisulphide of molybdenum dissolves in 
combination with the sulphide of potassium. The quadrisul- 
phide may be precipitated by hydrochloric acid, and ivhen 
dried is a cinnamon-brown powder. 

Chlorides of molybdenum, — ^A proiochloride is formed when 
molybdous oxide is dissolved in hydrochloric acid ; the bichlo- 
ride when molybdenum is heated dry in chlorine gas, as a 
dark-red gas which condenses in crystals, like those of iodine. 
It forms a crystallisable double salt with sal-ammoniac. 
Chloromolybdic add, or a compound of tcrchloride of molyb- 
denum and molybdic acid, MoOjCl, or M0CI3 + 2M0O3, is 
formed with (molybdic acid), when molybdic oxide is exposed 
to chlorine gas at a red heat. It sublimes below a red heat, 
and condenses in crystalline scales, which are white with a 
shade of yellow. 



ESTIMATION OF MOLYBDENUM, AND METHODS OP SEPARATING 

IT PROM THE PRECEDING METALS. 

The determination of molybdic acid is more diffictdt than 
that of tungstic acid, on account of its partial volatility. The 
best mode of estimating it is to convert it into molybdic oxide 
by ignition in an atmosphere of hydrogen; the oxide which is 
perfectly fixed may then be weighed ; it contains 74*95 per 
cent, of the metal. When molybdic acid exists in solution 
in ammonia or in other acids, the solution must be care- 
fully evaporated to dryness, and the residue treated as above. 

Molybdic acid is separated from most metallic oxides by its 
solubility in sulphide of ammonium. The filtered solution is 
then treated with an excess of very dilute nitric acid, to 
precipitate the tersulphide of molybdenum ; the precipitate 
collected on a weighed filter, and its quantity determined ; after 
which, a weighed quantity of it is ignited in an atmosphere of 

VOL. If. o 
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hydrogen, to convert it into the bisulphide, MoS,, from the 
weight of which the amount of molybdenum is calculated. 

Molybdic acid is separated from the earths by fusing with 
carbonate of soda,, and digesting the fused mass in water, which 
dissolves molybdate of soda, and leaves the earth in the form 
of carbonate. 

From the fixed alkalies, molybdic acid may be separated by 
precipitation with mercurous nitrate, and its quantity esti- 
mated from the weight of the precipitate. 



SECTION VII. 

TKLLURtUM. 

^g. 6414 or 801-8; Te. 

Tellurium is a metal of rare occurrence, and appeared at one 
time to be almost confined to certain gold mines in Transyl- 
vania; but it has been found lately, in considerable abun- 
dance, at Schemnitz, in Hungary, combined with bismuth; 
and in the silver mine of Sadovinski in the Altai, united with 
silver and with lead. It was first described as a new metal 
by Klaproth, i^ho gave it the name of tellurium, from teUus, 
the earth. 

Tellurium is chiefly obtained from telluride of bismuth. 
The ore, after being freed from the matrix by pounding and 
washing, is mixed with an equal weight of carbonate of 
potash or soda, the mixture made up into a paste with olive 
oil, and heated in a well closed crucible, carefully at first to 
prevent frothing, and afterwards to a full white heat. The 
fused mass is then digested in water ; which leaves the bis- 
muth and the excess of charcoal undissolved, and dissolves 
the tellurium in the form of telluride of potassium or sodium 
which imparts a port-wine colour to the liquid. The solution 
deposits metallic tellurium when exposed to the air, or more 
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quickly when air is blown through it ; and the precipitated 
metal is purified by washing with acidulated water^ and sub- 
sequent distillation in an atmosphere of hydrogen (Berzelius). 
The metal is also obtained from the ore called foliated teU- 
Ivrium, which contains 13 per cent, of tellurium^ and 63 per 
cent, of lead^ together with copper^ gold^ antimony^ and sul- 
phur. The finely pounded mineral is freed from the sulphide 
of lead and antimony by repeated boiling with strong hydro- 
chloric acid and washing with water; the residual telluride o^ 
gold treated with strong nitric acid ; the tellurium-solution 
poured ofi^ from the gold and evaporated to dryness; the 
residue dissolved in hydrochloric acid; and the tellurium pre- 
cipitated fiK>m the solution by sulphurous acid (Berthier).* 

In a state of purity, tellurium is silver-white and very bril- 
liant. It is very crystallisable, assuming a rhombohedral form, 
in which it is isomorphous with arsenic and antimony. It is 
brittle for a metal, and an indifierent conductor of heat and 
electricity. Its density is from 6*2324 to 6'2578, according 
to Berzelius. Tellurium is about as fusible as antimony, and 
may be distilled at a high temperature. It bums in air, at 
a high temperature, with a lively blue fl^me, green at the 
borders, and diffuses a dense white smoke, which ^enerallv has 
the odour of decaying horse-radish. boL the pLence'of a 
little selenium. Tellurium belongs to the sulphur-class of 
elements. Like selenium and sulphur, it dissolves to a small 
extent in concentrated sulphuric acid, and communicates to it 
a fine purple-red colour. In this solution, the metal is not 
oxidated, for it is precipitated again, in the metallic state, by 
water. This metal has also considerable analogy with anti- 
mony, and may probably connect together the sulphur and 

* For further details reepeoting the extraction of tellurium, Tide Benelius, 
Traite de Ghimie, L 844; and the translation of Gmelin's Handbook, iy. 393. 
"Wdhler states, in a note to his paper on telluride of ethyl (Ann. Ch. Pharm. 
Ixxxiv. 70), that tellurium may be obtained in considerable quantities from the 
residues of the Transy Iranian gold-extraction, which hare hitherto been throwa 
away as worthless. 

O 2 
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phosphorus families. Tellurium combines in two propor- 
tions with oxygen, forming teUurous acid, TeO^, and telluric 
acid, TeOj. 

Tellurous acid, TeO^; 8014 or 1001-8.— This add difTers 
remarkably in properties according as it is anhydrous or 
hydrated.* Hydrated tellurous acid is obtained by pre- 
cipitating bichloride of tellurium with cold water; or by 
fusing anhydrous tellurous acid with an equal weight of 
carbonate of potash, as long as carbonic add is disengaged, 
dissolving the tellurite of potash in water, and adding nitric 
acid to it till the liquor distinctly reddens litmus paper. A 
white and bulky precipitate is produced, which is washed with 
ice-cold water, and afterwards dried without artificial heat. 
Tellurium likewise dissolves with violence in pure nitric add 
of density 1*25, and if after the first five minutes, the clear 
liquid be poured into water, tellurous add is precipitated in 
white flocks. But if not immediately precipitated, the nitric 
acid solution undergoes a change. 

The hydrated acid obtained by these processes forms a 
light, white, earthy mass, of a bitter and metallic taste. It 
instantly reddens litmus paper, and while still moist, dissolves 
to a sensible extent in water. It is very soluble in adds, and 
the solutions are not subject to change, except that which is 
formed by nitric add. Ammonia and the alkaline carbonates 
also dissolve hydrated tellurous acid with facility, the latter 
becoming bicarbonates. 

Anhydrous tellttrous acid, — ^When the solution of tellurous 
add in water is heated to 140^, it deposits the anhydrous add 
in grains, and loses its acid reaction. The same change occurs 
when an attempt is made to dry the hydrated tellurous add 
by heat : it parts with combined water, and^becomes granular. 
The solution of teUurous acid in nitric add changes spon- 

* Benelius regarded the hvdrated and anhydrous acids as containing dif- 
ferent modifications of the same oorapouud, and distinguished them as a- tel- 
lurous and iS-teUurous acid. 
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tar.eously in a few hours, and in a quarter of an hour when 
heat is applied to it, and allows the anhydrous acid to precipi- 
tate. When the deposition of the acid is slow, it forms a 
crystaUine mass of fine grains, among which octohedral crys. 
tals may be perceived by the microscope. The acid is then 
anhydrous. In this state it does not redden litmus, or not till 
after a time. It is but very slightly soluble in water, and the 
solution has no acid reaction. At a low red heat, it fuses into 
a clear transparent liquid of a deep yellow colour, which on 
cooling becomes a white and highly crystalline mass, easily 
detached from a crucible. Tellurous acid is volatile, although 
less so than the metal itself. 

The solutions of hydrated tellurous acid in the stronger 
acids yield a black precipitate of metallic tellurium, when 
treated with powerful deoxidising agents, such as zinc, phos- 
phorus, protochloride of tin, sulphurous acid, and the alkaline 
bisulphates. Hydrosulphuric acid and sulphide of ammonium 
throw down black-brown sulphide of tellurium, easily soluble 
in excess of sulphide of ammonium. 

The tellurites^ or compounds of tellurous acid with salifiable 
bases, contain 1 atom of base united with 1, 2, or 4 atoms of 
acid. They are fusible, and generally solidify in the crystalline 
form on cooling ; the quadroteUurites, however, form a glass. 
Tellurites are colourless unless they contain a coloured base ; 
those which are soluble have a metallic taste. Most of them, 
when heated to redness with charcoal, yield metallic tellurium, 
sometimes with slight detonation; and the reduced metal 
volatilises readily, being at the same time reoxidised and 
forming a white deposit on the charcoal ; it likewise imparts 
a green colour to the flame ; the tellurites, when ignited with 
potassium, or with charcoal and carbonate of potash, yield 
telluride of potassium which dissolves in water, forming a port- 
wine coloured solution ; with the zinc and silver-salts, how- 
ever, and a few others, this reduction does not take place. 
The tellurites of ammonia, potash and soda are easily soluble 
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in water; those of baryta^ strontia^ and Ume are sparingly 
soluble ; the rest, insoluble. An aqueous solution of a tellu- 
rite is decomposed by the carbonic acid of the air. Nearly all 
tellurites dissolve in strong hydrochloric acid without erolv- 
ing chlorine when heated ; the solution exhibits the aboire- 
mentioned characters of a solution of tellurous acid in the 
stronger acids, except in so far as it may be interfered with by 
the presence of another base. The solution when diluted in 
water yields a white precipitate of tellurous acid, provided 
the excess of hydrochloric acid present is not too great. 

Monotellurite of potash, KO.TeOs^ is obtained by heating 
1 eq. tellurous acid with eq. of carbonate of potash. The 
fused mass on cooling forms crystals of lai^e size. The salt 
dissolves slowly in cold, more quickly in warm water. Bitel^ 
lurite of potash, KO.Te^O^, is obtained by fusing two atoms 
of tellurous acid with one atom of carbonate of potash. It 
appears to be capable of existing in a hot solution, and of 
crystallising in certain circumstances ; but it is decomposed 
by cold water, which resolves it into the neutral salt, which 
dissolves, and a quadritellurite of potash, KO.Te^Og + 4HO. 
The latter salt cannot be redissolved in water, without de- 
composition. In losing its water when heated, it swells up 
like borax. 

Telluric acid, TeOg ; 88 14 or 1101-8.— This acid is obtained 
in combination with potash, by fusing tellurous acid with 
nitre. It may then be transferred to baryta, and the insoluble 
tellurate of baryta decomposed by sulphuric acid. The solu- 
tion of telluric acid gives bulky, hexagonal, prismatic crystals. 
Its taste is not acid, but metallic, resembling that of nitrate 
of silver. Indeed, it appears to be but a feeble acid, redden- 
ing litmus but slightly, when the solution is diluted. The 
crystallised acid contains 3HO, of which it loses 2HO by 
efflorescence, a little above 212^. It then appears insoluble in 
cold water, but may be completely redissolved by long digestion, 
particularly with ebullition, and is not permanently altered. 
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, Anhydrotis telluric acid. — The crystals of hydrated telluric 
acid give off all their water at a heat below redness^ and are 
converted into a mass of a fine orange-yellow colour^ without 
changing their form. Tliis yellow matter, which is distin- 
gwshed, as alpha-telluric acid by Berzelius, is remarkable for 
its indifference to chemical reagents, being completely in- 
soluble in cold or boiling water, in hot hydrochloric and 
nitric acids, and in potash-ley. At a high temperature, it is 
decomposed, evolving oxygen, and leaving tellurous acid white 
and pulverulent. 

Telluric acid has but slight affinity for bases. The hydrated 
add withdraws from alkaline carbonates, only so much alkali 
as to form a biacid salt. Telluric acid forms bibasic, sesqui- 
basic, monobasic, biacid, and quadracid salts. The tellurates 
are colourless, unless they contain a coloured base. At a red 
heat, they give off oxygen and are converted into tellurites. 
Before the blowpipe, they behave like the tellurites; also with 
reducing agents, such as protochloride of tin, and sulphurous 
acid, excepting that the reduction does not take place so 
quickly, and in some cases requires the application of heat. 
Hydrosulphuric add, added to the solution of a tellurate, 
produces no change at first ; but if the liquid be placed in a 
stoppered bottle and left for a while in a warm place, a brown 
predpitate of sulphide of tellurium is formed. Tellurates 
dissolve in cold strong hydrochloric acid vdthout decomposi- 
tion. The solutions are not yellow, like those of the tel- 
lurites in hydrochloric acid, and may be diluted with water 
without becoming milky, even though the excess of hydro- 
chloric acid be but small. But on boiling the solution, 
chlorine is evolved, and the liquid, if subsequently mixed 
with water, gives a predpitate of tellurous acid, provided the 
excess of hydrochloric acid is not too great. 

Neutral tellurate of potash is KO.TeOg + 5H0; the Htel^ 
lurate of potash, KCTe^Og + 4H0; the quadritellurate of 
potash, K0.Te^0i2 + 4H0. All these salts may be obtained 
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directly, in the humid way, by dissolving the proper pro 
portions of hydrated acid and carbonate of potash together, 
in hot water. A portion of the combined water in the last 
two salts is unquestionably basic, but how much of it is so 
has not been determined. They cannot be made anhydrous 
by heat without being essentially altered in properties. 

The neutral tellurate of potash undergoes no change in 
constitution under the influence of heat, resembling in that 
respect those tribasic phosphates of which the whole three 
atoms of base are fixed. The bitellurate of potash loses its 
water and becomes yellow at a temperature below redness, 
and is changed into a quadritellurate, which is insoluble both 
in water and in dilute acids. Water dissolves out neutral tel- 
lurate from the yellow mass. The insoluble salt is named, by 
Berzelius, the alpha-quadritellurate of potash. The elements 
of this compound are united by a powerful afSnity. It is 
formed when hydrated telluric acid is intimately mixed with 
a potash-salt, such as nitre or chloride of potassium, and the 
mixture calcined at a temperature which should be much 
below a red heat ; also when tellurous acid is ignited with 
chlorate of potash, and in other circumstances. Hydrate of 
potash dissolves the alpha-quadritellurate by fusion, and nitric 
acid by a long continued ebullition ; but in both cases, the 
acid set free in the solution exhibits the properties of ordinary 
telluric acid. 

Telluretted hydrogen, Hydrotelluric acid, TeH, is a gaseous 
compound of tellurium and hydrogen, analogous in constitu- 
tion and properties to sulphuretted hydrogen. It is obtained 
by fusing tellurium with zinc or with tin, and acting on the 
mixture with hydrochloric acid. 

Definite sulphides of tellurium have been obtained, corre- 
sponding with tellurous and telluric acids. They are sulphur- 
acids. 

Two chlorides of tellurium have been formed, a protochloride, 
TeCl, to which there is no corresponding oxide, and a bichlo- 
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Tide> TeCl). No higher chloridej oorrespondijDg with telluric 
acid^ has been obtamed. 

Tellttxium forms alloys with several inetal% e.g., with potssr 
siniD, sodium^ alununum^ bismuth, zmCj tin, lead, iron, copp^, 
mercury, silver, and gold. Some of these alloys^ as iho9e of 
bismuth, silver, and gold, are found native. 

Tdhaide qf potassium is prepared by mixiBg 1 part of td- 
lorium powder with lOparts of burnt tartar; introducing the 
mixture into a porcelain retort fitted with a glass tube bent 
downwards at right angles ; heating the xetost to redness for 
three (»r four hours, as long, indeed* as earbomc oxide oonr 
tinues to escape ; and then introducing the end of the bent tube 
into a flask kept full of carbonic add gas, to prevent access pf 
air ; this latter precaution is necessary on account of the highly 
pyrophoric character of the product (Wohler). The compound 
m&y also be obtained by heating tellurium with potassium* in 
a retort filled with hydrc^en ; oombinati(m then takes place 
attended with vivid combustion* Telluride of potassium dis- 
solves in water, forming a p(»rt-wille coloured solutiook, which 
on exposure to the air becomes decolorised, and deposits 
tellurium in shining scales ; with adds it evolves telluretted 
hydrogen gas. Telluride of aoditm is prepared by similar 
methods, and possesses similar prqpertiea 
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raOH THB PBBCBDINe IfBTALS. 

When tellurium exists in solution in the form of tellurous 
add it is reduced to the metallic state by sulphurous add or an 
alkaline bisulphite. The reduced tellurium is then collected on 
a wdghed filter, and carefiilly dried at gentle heat. If the 
solution is alkaline, it must be previously addulated with 
hydrochloric add ; if it contains nitric add, which might redis- 
fiolve a portion of the predpitated tellurium, it must be boiled 
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inth. hydrochloric acid till all the nitric incid is deoompoaed, 
then diluted with water, and treated with sulphurous acid as 
above. If the tellurium is in the state of telluric acid, that 
compound must first be reduced to tellurous acid by boiling 
with hydrochloric add, and the tellurium then reduced by 
sulphurous acid. 

Tellurium may be separated firom the aUcaUes and earths, 
and bom ^manffonese, iron, cobalt, nickel, zinc, and chromium, 
by means of hydrosulphuric add. If the predpitated sulphide 
of teUurium is quite pure and definite, it may be collected on 
a weighed filter, dried and weighed, and the amount of tellu- 
rium calculated fix)m it. But if it contains excess of sulphur, 
which is often the case, it must be boiled with aqua-regia till 
it is completely decomposed; the solution filtered from the 
separated sulphur ; freed from nitric acid in the manner aboye 
described; and the tellurium predpitated by sulphurous add. 

The separation of tellurium from cadmium, copper, and lead, 
may be effected by means of sulphide of ammonium, in which 
the sulphide of tellurium Is easily soluble. The filtered solu- 
tion is then treated with excess of hydrochloric add to pre- 
dpitate the sulphide of tellurium, which is then decomposed 
by aqua-regia as just described. Tellurium may be separated 
from tin in solution by means of sulphurous add. 

The quantity of metallic tellurium in an alloy may be 
estimated by heating the alloy in a current of chlorine gas; 
passing the volatile chloride of tellurium into water addulated 
with hydrochloric add, which dissolves it ; and reducing the 
tellurium by sulphurous add. 
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ORDER VI. 

METALS ISOMOBPHOTJS WITH PHOSPHORUS, 

SECTION I. 

ARSENIC. 

Eq. 75 or 937-5. 

This metal is found native^ but more generally in combina- 
nation with other metals^ particularly cobalt and nickel^ 
and is largely condensed^ daring the roasting of their 
ores^ in the state of arsenious acid. The metal may be easily 
obtained, in a state of purity, by subliming a portion of 
native arsenic in a glass tube or retort, by the heat of a lamp, 
or by reducing a mixture of one part of arsenious acid and 
three parts of black flux, in the same apparatus. The metal 
in condensing forms a crust, of a steel-grey colour and bright 
metallic lustre. It has been observed to crystallise by subli- 
mation in rhombohedral crystals^ and is isomorphous with 
tellurium and antimony. It is a brittle metal, and very easily 
pulverised. The density of arsenic is from 5 to 5*96. It 
rises in vapour at 866® (180® Cent.) without first undergoing 
fusion. Arsenic vapour is colourless; its density is 10*370; 
and, like phosphorus and oxygen, its combining measure is one 
volume. It has as strong an efiect upon the organ of smell 
as seleniimi; its odour resembles that of garlic. Arsenic 
combines in three proportions with oxygen, forming by spon- 
taneous oxidation in air a grey sub-oxide, the composition of 
which is undetermined; it also forms arsenious and arsenic 
acids, AsOg and ASO5. 

VOL. II. Q 
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Anenious actd^ 99 or 1237*5. — This compound is formed 
when metallic arsenic is volatilised in contact with the air. 
It is obtained in large quantity^ as an accessary product, in 
the roasting of arsenical ores of tin, cobalt, and nickel, and 
as principal product in the roasting of arsenical pjrrites. 
These operations are performed in reverberatory furnaces, 
communicating with chambers in which the arsenious acid 
condenses. The product is purified by a second sublimation 
in vessels of cast-iron, or, on a small scale, in glass or earthen 
retorts. 

Arsenious acid heated in a tube closed at both ends melts 
into a colourless liquid; but under the ordinary atmospheric 
pressure, it volatilises at about 380^ (at 444"" according to 
Mitchell), without previous fusion, producing a colourless 
vapour, which has a density of 13*850, and is therefore com- 
posed of 1 volume of arsenic vapour and 3 volumes of oxygen, 
condensed into 1 volume. The vapour is inodorous when 
pure, but if the acid be volatilised in contact with any easily 
oxidisable substance, as when it is thrown on red-hot coals or 
iron, the garlic odour of metallic arsenic becomes perceptible. 

In the solid state, arsenious acid exhibits three modifi- 
cations, one amorphous, and two crystalline, (1.) When the 
sides of the vessel in which the acid is distilled become 
strongly heated, the vapour condenses, at a temperature near 
the melting point of the acid, into a transparent vitreous masa, 
having a conchoi'dal fracture. (2.) When arsenious acid is 
sublimed in a glass tube, or under any circumstances which 
allow the vapour to condense suddenly, and soHdify at once, 
without passing through the semi-fused state, it assumes the 
form of regular octohedrons, which, if the sublimation be 
slowly conducted, are distinct, and have an adamantine lustre. 
Similar octohedral crystals are obtained when arsenious acid 
separates from its solution in water or in ammonia. (3.) In 
the roasting of arsenical cobalt ores, arsenious acid is some- 
times obtained in the form of thin transparent flexible plates. 
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derived firom a right rhombic prism (Wohler). Crystals of 
similar form are obtained hy saturating a boiling solution of 
caustic potash with arsenious acid^ and then leaving it to cool 
or mixing it with water (Pasteur). Vitreous arsenious acid^ 
even when completely protected from air and moisture, 
gradually loses its transparency, and becomes an opaque 
white mass, passing in fact into the octohedral variety. 

The specific gravity of transparent vitreous arsenious acid 
is 3-7885, that of the octohedral variety 3699 (Guibourt). 
The vitreous acid dissolves in water more quickly and more 
abundantly than the opaque crystalline acid; the same quan- 
tity of water which at 54° or 55° will take up 36 or 38 parts 
of the former, will not take up more than 12 or 14 of the 
latter (Bussy). According to Guibourt, on the contrary, 100 
parts of boiling water dissolve 9' 68 parts of the vitreous, and 
11-47 of the opaque acid ; and when the solutions are left to 
cool to 60°, the first retains 1*78 parts, and the latter 2'9 parts 
of the acid. The discrepancy of these statements and of 
various others respecting the solubility of arsenious acid, may 
perhaps be reconciled by the great facility with which the 
amorphous variety passes into the crystalline, and vice versa. 
It appears indeed that heat tends to transform the opaque into 
the vitreous add, and cold to produce the contrary change, 
and this tendency is manifested even in presence of water. 
Thus the opaque add is converted into the vitreous by long 
boiling with water, the contrary change taking place gradually 
in the solution when cold. 

The aqueous solution of arsenious acid is transparent and 
colourless, and reddens litmus slightly. Hydrosulphuric acid 
colours it yellow, and on the addition of hydrochloric acid 
throws down a yellow precipitate of ka&y On the addition 
of a small quantity of ammonia, it gives a yellow predpitate 
with nitrate of silver, and a peculiar light green (Schede's 
green) with sulphate of copper ; these predpitates are easily 
soluble in excess of ammonia. Mixed with hydrochloric add 
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it produces a grey metallic deposit on copper. With zinc and 
sulphuric or hydrochloric acid^ it evolves arseniuretted 
hydrogen gas (p. 211.)- 

Arsenious add dissolves in many acids^ in hydrochloric 
acid for example^ with much greater facility than in water, 
but without forming any definite compounds. It is dissolved, 
however, by bitartrate of potash, with formation of a crys- 
tallisable salt analogous to the potash-tartrate of antimony. 
The vitreous acid dissolved in boiling dilute hydrochloric acid 

of each crystal being accompanied by a flash of light. Agita- 
tion increases the number of crystals produced, and the 
intensity of the light. The opaque acid dissolved in hydro- 
chloric acid does not emit any light on crystallising ; the same 
is the case with the crystals obtained by cooling a solution of 
the vitreous acid in hydrochloric acid, when these crystals are 
redissolved in hydrochloric acid. Hence it appears that the 
vitreous acid dissolves as such in hydrochloric acid, and that 
the emission of light at the moment of crystallisation is due 
to the change from the amorphous to the crystalline state. 

Arsenious acid is dissolved by potash, soda, and ammonia, 
also by alkaline carbonates, but from these latter solu- 
tions it is sometimes deposited in the firee state, so that it is 
doubtful whether arsenious acid displaces carbonic acid in the 
humid way. The arsenites of the earths and metallic oxides 
are insoluble in water, but soluble in acids. 

With potash, arsenious acid forms the salts 2K0 . AsOg, 
KO . ASO3, and KO . HO . SAsO, ; similar salts with soda. 
With baryta, it forms 2BaO . AsO, and BaO . AsO, ; and 
with lime, 2CaO . AsOj. With nickel, cobalt, and silver, it 
forms bibasic and sesquibasic salts. 

The neutral solutions of the alkaline arsenites give a yellow 
precipitate with nitrate of silver, and Scheele's green with 
copper salts. Acidulated with hydrochloric acid, they give 
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-witli hydrosulphuric acid, &c., the same reactions as aqueous 
arsenious acid. 

Nitric acid and aqtui regia transform arsenious into arsenic 
add. Hydrogen, charcoal, and other reducing agents easily 
reduce it to the metallic state. 

Arsenious acid has a rough taste^ slightly metallic^ and 
afterwards sweetish. It is one of the most violent among 
acrid poisons. 

The principal industrial use of arsenious acid is in calico- 
printing; it is also used in glass-makings serving to transform 
the protoxide of iron into sesquioxide^ which produces glasses 
less highly coloured than the protoxide. 

Arsenic acid, AsOg, 115 or 1437'5. — This acid is obtained 
by heating powdered arsenious acid in a basin with an equal 
quantity of water^ and adding nitric acid in small quantities 
to the mixture at the boiling point, so long as ruddy fumes 
escape. An addition of hydrochloric acid to the water is 
generally made, to increase the solubility of the arsenious acid, 
but it is not absolutely necessary. The solution of arsenic 
acid is then evaporated to dryness, to expel the remaining 
nitric and hydrochloric acids ; but the dry mass must not be 
heated above the melting point of lead, otherwise oxygen gas 
is emitted and arsenious acid reproduced. Arsenic acid thus 
obtained is milk-white, and contains no water. Exposed to 
air, it slowly deliquesces, and runs into a liquid. But notwith- 
standing this, when strongly dried, it does not dissolve com- 
pletely in water at once, and a portion of it appears to be 
insoluble ; but the whole is dissolved by continued digestion. 
Arsenic acid, in absorbing moisture from the air, sometimes 
forms hydrated crystals, which are highly deliquescent ; but 
this acid is easily made anhydrous, and does not retain basic 
water with force, like phosphoric acid. Its solution has a sour 
taste, and reddens vegetable blues. Arsenic acid, indeed, is a 
strong acid, and with the aid of heat expels all the volatile 
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acids firom their combinations. Arsenic acid undergoes fusion 
at a red heat^ and at a higher temperature is completdy dis^ . 
sipated in the form of arsenious acid and oxygen. 

When an equivalent of arsenic acid is ignited with an excess 
of carbonate of soda^ three equivalents of carbonic acid are 
expelled^ and a tribasic arseniate of soda formed^ which when 
dissolved in water^ crystallises with 24 equivalents of water, 
forming the salt 8NaO . As05 + 24HO^ isomorphous with the 
subphosphate of soda. The same salt is obtained by treating 
arsenic acid in solution with an excess of caustic soda. When 
carbonate of soda is added to a hot solution of arsenic acid^ so 
long as there is effervescence^ a salt is obtained by evaporation 
corresponding with the common phosphate of soda, containing 
2 eq. of soda and 1 eq. of water as bases. This salt affects 
the same two multiples, in its water of crystallisation, as 
phosphate of soda, namely, 24HO and 14H0, but most fre- 
quently assumes the smaller proportion, forming the salt 
2NaO.HO. A80j + 14HO. This arseniate is more soluble 
than the phosphate, and slightly deliquescent in damp air. 
When to the last salt a quantity of arsenic acid is added equal 
to that which it already contains, and the solution is highly 
concentrated, the salt named biarseniate of soda crystallises 
at a low temperature. This salt contains 1 eq. of soda and 
2 eq. of water as bases, with 2 eq. of water of crystallisation, 
and corresponds with the biphosphate of soda. Its formula is 
NaO . 2H0. AsOj 4- 2H0. The biarseniate of potash, which is 
analogous in composition, is a highly crystallisable salt. It is 
sometimes prepared by deflagrating arsenious add with an 
equal weight of nitrate of potash. These arseniates of the 
alkalies, which contain water as base, all lose that element at 
a red heat; but, unlike the phosphates, they recover it when 
redissolved in water. Arsenic acid, therefore, forms only one, 
and that a tribasic class of salts. The arseniates of the earths 
and other metallic oxides are insoluble in water, but soluble 
in adds. Arseniate of silver (3AgO . AsOg) falls as a pred- 
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pitate of a chocolate-brown colour^ when nitrate of silver is 
added to the solution of an arseniate^ and aflfords an indication 
oi the presence of arsenic acid. On treating a solution of 
arsenic acid with ammonia in excess^ chloride of ammonium, 
and gulphate of magnesia, a white crystalline precipitate is 
formed^ consisting of araeniate of magnesia and ammonia^ 
2MgO . NH4O . ASO5 + 12 Aq.^ similar in appearance and ana- 
logous in constitution to the ammonio-magnesian phosphate. 
Hydromdphuric add produces a yellow precipitate of AsS, 
after a considerable time ; but if the solution be previously 
mixed with sulphurous acid^ which reduces the arsenLc acid to 
arsenious add, a precipitate of AsS, is immediately produced, 

Sulpkides of arsenic. — When the bisulphide, realgar, is 
digested in caustic potash, it gives off sulphur and leaves a 
brownish bhick powder, having some resemblance to bioxide 
of lead, which, according to BerzeUus, is the sulphide AsgS. 
Bisulphide of arsenic, AsS^, is obtained by fusing sulphur 
with an excess of arsenic or arsenious acid. It is transparent and 
of a fine ruby colour after cooling, and may be distilled without 
decomposition. It forms the crystalline mineral realgar. Sulph- 
arsenious acid, or orpiment, AsSj, also occurs native. It may be 
prepared by decomposing a solution of arsenious acid in hydro- 
chloric acid, by hydrosulphuric acid or by an alkaline sulphide. 
This sulphide has a rich yeUow colour, and is the basis of the 
pigment called king^s yellow. It is insoluble in acids, but 
soluble to a small extent in water containing hydrosulphuric 
acid, and also in pure water, but is precipitated by ebullition 
with a little hydrochloric acid. When heated, it fiises readily 
and becomes crystalline on cooling. It is readily dissolved 
by ammonia and solutions of the fixed alkalies, and is indeed 
a powerful sulphur-add. Sulpharsenic acid, AsS^, falls as a 
yellow predpitate, having much the appearance of orpiment, 
when a solution of arsenic add somewhat concentrated is 
decomposed by hydrosulphuric add. It may be sublimed 
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without change^ and after cooling forms a non-crystalline 
mass. It is also a powerful sulpliur-acid^ forming salts called 
ttdpharseniates, PerstUphide of arsenic, AsSig, is obtained by 
precipitating neutral solution of sulpharseniate of potassium 
with alcohol^ filtering the liquid, and eyaporating off two- 
thirds of the alcohol ; the concentrated solution^ when left 
to cool, deposits the persulphide of arsenic in shining yeUow 
crystalline laminae. 

Chlorides of arsenic* — A terchloride, As Cl^, corresponding 
with arsenious acid, is formed when arsenic is introduced into 
chlorine gas, in which it takes fire and bums spontaneously. 
The same compound is obtained by distilling a mixture of 
1 part of arsenic with 6 parts of corrosive sublimate ; also by 
distilling arsenious acid with excess of hydrochloric acid, or of 
common salt and sulphuric acid. It is a colourless, oily, 
and very dense liquid, which is resolved by water into arse- 
nious and hydrochloric adds. When a mixture of arsenic and 
calomel is distilled, a dark brown suUimate is formed, consist- 
ing partly of Hg^ClAs, partly of Hg4ClAs, No chloride cor- 
responding with arsenic acid is known. Bromide of arsenic, 
AsBr3, is formed by the direct combination of its elements. 
Iodide qf arsenic, As I3, is formed, according to Plisson, by 
digesting 3 parts of arsenic with 10 of iodine and 100 of 
water, as long as the odour of iodine is perceived. The 
liqidd yields by evaporation red crystals of the iodide. Fhu)- 
ride of arsenic, AsF,, is obtained by distilling a mixture of 
fluor spar and arsenious acid with sulphuric acid. It is a 
fuming, colourless liquid ; the density of its vapour is 2780 
(Unverdorben). 

Arsenic and hydrogen, — A solid arsenide of hydrogen was 
obtained by Davy, by using metallic arsenic as the negative 
pole (the chloroid) in decomposing water. Oay-Lussac and 
Th^nard have also shown that the same compound precipitates 
when arsenide of potassium is dissolved in water. It is a 
chestnut-brown powder, which may be dried without change. 
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Its composition has not been determined with accuracy. 
Arseniureited hydroffen, AsEL^ a gas analogous in constitu- 
tion to ammonia^ is obtained by dissolying arseniate of potas- 
sium or sodium in water, or an alloy of equal parts of zinc 
and arsenic in sulphuric acid diluted with three times its 
weight of water; or again, when zinc dissolves in hydro- 
chloric or dilute sulphuric add, with which arsenious add is 
mixed: 

6Zn + 8H0 + A8O3 + 6SO3 = 6(ZnO . SO3) + ASH3. 

It is a dangerous poison, when inhaled even in the most 
minute quantity, and should, therefore, be prepared with the 
greatiest caution. The density of this gas is 2695 (Dumas). 
It is liquefied by a cold of —iff. When passed through a 
glass tube heated to redness by a spirit lamp, it is decom- 
posed and deposits metallic arsenic. The flame of this gas, 
when burned in air, also deposits metallic arsenic upon a 
cold object exposed to it. No combination of arseniuretted 
hydrogen is known with either adds or bases. It precipitates 
many of the metallic solutions which are predpitated by hy- 
drosulphuric add, but not oxide of lead, its hydrogen alone 
being oxidated, and the arsenic being predpitated in com- 
bination with the metal. From the salts of silver, gold, 
platiniun, and rhadium, it predpitates the metals, while arse- 
nious acid remains in solution. This gas, when pure, is 
completely absorbed by a solution of sulphate of copper, and 
AsCug precipitated. 

TESTING FOR ARSENIC. 

Poisoning from arsenious add is much more frequent than 
from any other substance. Hence, a more than usual degree 
of importance is attached to the modes of detecting the pre- 
sence of arsenic in minute quantity. Of the different prepa- 
rations of the metal, arsenic acid, and after it arsenious add. 
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are the most poisonous ; the salts and sulphides are so in a 
much less degree. Arsenious add in the solid form and un- 
mixed with foreign matters^ is easily recognised as a white 
heavy powder, which is tasteless or nearly so, is entirely 
volatilised by heat, and diffuses a garlic odour in the re- 
ducing flame of a lamp. When dissolved in water, arsenioDs 
acid may be detected by the fluid tests, already mentioned 
(pp. 205, 206.). The silver and copper tests are most con- 
veniently applied in the following forms. 

1. Ammonio-nitrate of silver. — ^This is an exceedingly deli- 
cate test of arsenious acid, whether free, or in combination 
with an alkali. It is prepared by adding diluted ammonia 
to a solution of nitrate of silver, till the oxide of silver, which 
is first thrown down, is redissolved. When the ammonia 
has been added in proper quantity and not in excess, the odour 
of that substance is scarcely perceptible, and the liquid con- 
tains in solution the crystallisable ammonio-nitrate of silver, 
AgO.NOg . 2NH3. This test-liquid throws down from arse- 
nious acid, the yellow arsenite of silver, which is redissolved 
both by acids and by ammonia. A solution of nitrate of silver 
gives the same indication as the prepared ammonio-nitrate 
in an alkaline but not in an add solution of arsenious add. 
Nitrate of silver produces, in phosphate of soda or any other 
soluble phosphate, a yellow precipitate of phosphate of silver 
of the same colour as the arsenite of silver, and which might, 
therefore, be mistaken for the latter; but the action of the 
ammonio-nitrate is not liable to that ambiguity, as it does not 
produce a yellow precipitate in an alkaline solution of phos- 
phoric acid, the phosphate of silver being then retained in so- 
lution by the ammonia of the reagent, although arsenite of 
silver is precipitated in the same circumstances. Both phos- 
phate and arseniate of silver are indeed considerably more 
soluble in ammonia than the arsenite of the same metal. 

2. Ammonio-sulphate of copper gives a beautiful green pre- 
dpitate, the arsenite of copper, in both alkaline and add soln- 
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tions of orseniotLS acid; stQphate of copper gives the same 
precipitate in the former^ but not in the latter. 

But in solutions containing organic matter^ the indications 
of these tests are sometimes deluaiyej and often doubtful. 
Recourse is then had to the proper means of obtaining 
arsenic in the metallic form^ from the liquid suspected 
to contain arsenious acid. Indeed, even where the indica- 
tions of the fluid tests are clear, the reduction test should 
never be omitted, the evidence which it affords being of 
a superior and completely demonstrative character. The 
reduction test of arsenic is practised in two different ways : 
(1.) by the reduction of the sulphide of arsenic by means of 
charcoal and carbonate of potash, and (2.) by the production, 
and subsequent decomposition of the gaseous compound of 
arsenic and hydrogen. The following operations are neces- 
sary in the practice of the first method : — 



REDUCTION TEST OF ARSENIC. 

I. Preparation of the fluid : 

1. Heat the mass with about one-fourth of its weight 
of strong sulphuric acid in a retort, to which is 
adapted a receiver having its inner surface wet{ed, 
tiU the organic matter is carbonised. 

2. Pulverise the residue, and treat it with nitric acid 
mixed with a little hydrochloric acid, in order to 
bring the arsenic to the state of arsenic acid, which 
is easily soluble. 

3. Boil with water ; filter ; and mix the filtrate with 
the liquid in the receiver.* 

* ThiB is the mode of preparation moet generaUj adopted, and it is appli- 
cable to aU oases of searching for mineral poisons. Another method, which is 
espeoiallj applicable when the matter to be examined contains a large quan- 
ti^ of &t, is to heat the mass with stnmg hydroohlorio acid, or aqua-regia, in 
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II. Precipitation of the sulphide of arsenic : 

1. Transmit a stream of hydrosulphuric acid gas 
through the liquid for half an hour.* 

2. Heat the liquid in an open vessel for a few minutes, 
to cause the precipitate to separate. 

3. Wash the precipitate by afiusion of water acidulated 
with hydrochloric acid^ and subsidence. 

4. Dry the precipitate at a temperature not exceeding 
800^ 

III. Reduction of the sulphide of arsenic : 

1. Mix the dried precipitate intimately with twice its 
bulk of dry black flux (carbonate of potash and 
charcoal)^ ot with a mixture of pounded charcoal 
and dry carbonate of soda, or with cyanide of 
potassium, and heat to redness in a glass tube, of 
the form and size of a or b, exhibited below. 

2. Heat slowly a particle of the metallic crust in a 
glass tube c, and observe the formation of a white 
crystalline sublimate of arsenious add. 

3. Dissolve the sublimate in a small quantity of boiling 
water, and test with anmionio-nitrate of silver, &c., 
as above. 

« Fig. 8. 
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a large retort ; the greater part of the anenio U then oonverted into chloride, 
and may be collected in a receiver containing water. 

* Ab the arBenio is in the state of arsenic acid, it is best to mix the liquid 
with Bulphorous acid before passing the hydrosulphurio acid gas through it. 
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MarsVs test. — Hydrogen cannot be evolved in contact with 
any preparation of arsenic^ soluble or insoluble^ without com- 
bining with the metal, which is thus removed from the liquor, 
in the form of arseniuretted hydrogen gas. Mr. Marsh has 
founded, upon this fact, a simple and elegant mode of obtain- 
ing metallic arsenic from arsenical liquors. The stopcock 

being removed from the bulb-apparatus re- 
presented in the figure, a fragment of zinc 
is placed in the lower bulb, and diluted sul- 
phuric acid poured upon it. The stopcock 
being replaced and closed, the lower bulb is 
soon fiUed with hydrogen gas, and the acid 
liquid forced into the upper bulb. It is ne- 
cessary to test this hydrogen for arsenic, 
which will be found in it, if the zinc itself 
contains that metal. The gas for this pur- 
pose is kindled at the stopcock and allowed 
to bum with a small flame. If a stoneware 
plate be depressed upon the flame, a black 
spot of a steel-grey colour and bright metallic lustre, is 
formed, in a few seconds, upon the surface of the plate, sup- 
posing the gas to contain arsenic ; or if a cold piece of glass 
be held over the flame, at a small height above it, a white 
sublimate of arsenious acid condenses upon the glass. But if 
the zinc employed contains no arsenic, neither of these effects 
is produced. The zinc being proved to be free from arsenic, 
a portion of the liquor to be tested is introduced into the 
lower bulb, in addition to the acid and zinc already there ; 
and when the bulb is again filled with hydrogen gas, the 
latter is burned and examined precisely as before. If the 
liquor is loaded with organic matter, as generally happens 
with the liquids submitted to examination in actual cases of 
poisoning, the gas may be filled with froth, and the evolution 
of it very slow. But in the course of a night, the gas is 





216 ABSBNIC. 

generally obtained in sufficient quantity^ and in a proper 
state^ to permit of examination. It is much better^ howev^^ 
first to remove the oi^anic matter by one of the methods 
above given; the gas is then evolved freely and without 
frothing^ and a plain bottle with a cork and glass jet will be 
sufficient for this reduction experiment. Then also, instead 
of burning the gas at the jet^ it may be allowed to escape by 
a horizontal tube^ such as that in figure 10.^ a portion of 

which is heated to redness by 
^' ^^' a spirit lamp. The arsenic 

i condenses within the tube^ be- 
yond the flame and nearer the 
aperture, and forms a metallic 
crust, which may be converted 
by sublimation into arsenious 
acid; the sublimate may then 
be dissolved in a small quan- 
tity of boiling water, and the 
solution tested with ammonio- 
nitrate of silver, &c., as before. 
When the liquid examined contains antimony, that metal 
combines with the nascent hydrogen, and comes off as anti- 
moniuretted hydrogen, a gas which, when burned, or heated 
in a glass tube, gives the metal and a white sublimate, in the 
same circumstances as arsenic (L. Thompson). Antimony, 
however, may be recognised by a peculiarity of its reduction 
in the ignited tube. This metal is deposited in the tube, on 
both sides of the heated portion of it, and closer to the flame 
than arsenic, owing to the inferior volatility of antimony. The 
white sublimate also, if dissolved in water containing a drop 
of ammonia, will not give the proper indications with the 
fluid tests of arsenic, if the metal be antimony. Another dis- 
tinction is, that the arsenical deposit is soluble in hypochlorite 
of soda, whereas the antimonial deposit is not. 
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Antidotes to arMenious acid, — ^When hydrated sesquioxide 
of iron is mixed with a solution of arsenious acid to the con- 
sistence of a thin paste, a reaction occurs by which the ar- 
senious acid disappears in a few minutes, and the mass ceases 
to be poisonous. The arsenious acid takes oxygen from the 
sesquioxide of iron, and becomes arsenic acid, while the 
sesquioxide of iron is reduced to protoxide, a protarseniate of 
iron being the result, which is insoluble and inert : 

gFCjjOa + AsOg = 4reO . AsOy 

The constitution of this arseniate of iron is probably 
2PeO.HO,Afl05 + 2PeO. Sesquioxide of iron, when used 
as an antidote to arsenious acid, should be in a gelatinous 
state, as it is obtained by precipitation, without drying. It 
may be prepared extemporaneously, by adding bicarbonate of 
soda in excess to any tincture or red solution of iron. Cal- 
cined magnesia may likewise be used as an antidote to 
arsenic. Care should be taken in preparing the latter not to 
employ too great a heat, which would render it very dense, 
and cause it to combine but slowly with the arsenious acid. 



ESTIMATION OF ARSENIC, AND METHODS OF SEPARATING IT 

FROM THE PRECEDING METALS. 

When arsenic is contained in a solution entirely in the 
form of arsenic acid, the best mode of estimating it is to pre- 
cipitate it in the form of ammonio-magnesian arseniate, 
2MgO . NH4O . AsOg + 12H0. The solution is mixed with 
excess of ammonia, and then with sulphate of magnesia, to 
which a quantity of chloride of ammonium has been added, 
sufficient to prevent the precipitation of the magnesia by am- 
monia. The liquid is then left to stand for about twelve 
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hours; fhe precipitate collected on a weighed filter; washed 
with water containing ammonia; and dried over sulphnric 
acid in vacuo at ordinary temperatures ; it has then the com* 
position expressed hj the ahove formula. It may also be 
dried^ and more expeditiously, by exposing it to a temperature 
of exactly 212° F., whereby it loses 11 eq. of water, and is 
reduced to 2MgO.NH40.As05 + HO. Exposure to a higher 
temperature occasions loss of arsenic. 

If the liquid contains arsenious acid, that compound may 
be converted into arsenic acid by mixing the solution with 
hydrochloric acid, and adding chlorate of potash by small 
quantities. The vessel must be left in a moderately warm 
place till the odour of free chlorine has entirely disappeared. 
Aqua regia may also be used to effect the oxidation, but it is 
less convenient. In either case, the liquid must be consider- 
ably diluted with water, otherwise part of the arsenic will be 
converted into chloride, and volatilised. It is best, perhaps, 
to perform the oxidation in a capacious retort having a 
receiver adapted to it. 

Arsenious acid may also be estimated by its action on 
terchloride of gold. The arsenious acid is thereby converted 
into arsenic acid, and gold is precipitated in the metallic 
state. The quantity of gold thus reduced gives the quantity 
of arsenious acid present : 

2Auas + 6H0 + SAsOa = 2Au + 6HC1 + 3ASO5. 

The gold solution used for the purpose is the sodio-chloride, 
or ammonio-chloride of gold. It must be free from nitric 
acid ; but the presence of hydrochloric acid, even in lai^e 
excess, does not interfere with the action. The liquid, after 
the addition of the arsenic solution, must be left to itself 
for a considerable time to enable the gold to settle down 
completely. 

When arsenic and arsenious acids exist together in solution 
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the former may be precipitated as ammonio-magnesian 
arseniate (a considerable quantity of sal-ammoniac being 
added to prevent the simultaneous precipitation of the ar- 
senious acid); the arsenious acid converted into arsenic acid 
by oxidation with chlorate of potash and hydrochloric acid, 
and then precipitated in a similar maimer ; or the arsenious 
add may be estimated by chloride of gold, as last described. 

The separation of arsenic in solution from the alkalies, 
earths, and those metals which are not precipitated from their 
add solutions by hydrosulphuric acid, is effected by passing a 
stream of that gas through the acid liquid for a considerable: 
time, then leaving it to stand, and heating it gently to 
ensure the complete predpitation of the sulphide of arsenic. 
K the arsenic is in the form of arsenic acid, that compound 
must be previously reduced to arsenious acid by means of 
sulphurous add. The tersulphide of arsenic is collected on a 
weighed filter, thoroughly washed, and dried at a moderate 
heat. If quite pure, it may be weighed with the filter, and 
the quantity of arsenic thereby directly determined. But as 
it almost always contains an excess of sulphur, it is better to 
take a weighed quantity of it from the filter, oxidise it in a 
capacious flask by means of dilute hydrochloric acid and 
chlorate of potash, continuing the operation till the greater 
part of the sulphur is converted into sulphuric acid, and the 
remainder collects at the bottom of the liquid in a compact 
yellow globule ; then decant the liquid, wash the globule of 
sulphur, and weigh it ; and, finally, estimate the quantity of 
sulphur in the solution by predpitation with chloride of 
barium, adding the quantity thus found to the weight of the 
globule. The proportion of sulphur in the precipitated sul- 
phide of arsenic being thus ascertained, the amount of arsenic 
is easily calculated. 

From cadmium f copper, and lead, arsenic may be separated 
by means of sulphide of ammonium. The filtered ammoniacal 
solution is then treated with excess of hydrochloric or acetic 

VOL. II. R 
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acid to throw down the sulphide of arsenic^ and the preci^- 
tate treated in the manner jnst described. 

The separation of arsenic from Hn is attended with con- 
siderable difficulty. One of the best methods is to convert 
the two metals into sulphides^ and separate them^ after drying 
and weighing the whole, by ignition in a stream of hydro- 
snlphuric acid gas. The mixed sulphides are introduced 
into a weighed glass bulb, having a tube attached to it on 
each side. One of these tubes, the exit-tube, must be at 
least a quarter of an inch in diameter, to prevent stoppage^ 
and bent downwards so as to dip into a flask containing am- 
monia. The whole is then weighed> hydrosolphuric acid 
gas passed through the apparatus, and the bulb heated tall 
the whole of the sulphide of arsenic is sublimed. Part of the 
sulphide of arsenic passes into the ammoniacal liquid, by 
which it is dissolved, and the rest sublimes in tiie wide tube. 
When the operation is ended, and the apparatus has cooled^ 
the wide tube is cut off at a short distance from the bulb^ 
then broken, and the pieces digested in caustic potash to 
dissolve out the sulphide of arsenic. The solution thus ob- 
tained is added to the ammoniacal liquid in the flask ; the 
sulphide of arsenic precipitated by hydrochloric acid, oxidised 
without previous filtration with hydrochlcmc acid and chlo- 
rate of potash ; and the resulting arsenic acid precipitated by 
ammonia and sulphate of magnesia. The sulphide of tin 
remaining in the bulb is converted into stannic oxide by 
treating it witih strong nitric acid. 

When arsenic is combined with other metals in the form 
of an sdloy, the whole may be dissolved or oxidised by means 
of aqua regia, or, better, with hydrochloric acid and chlorate 
of potash, and the arsenic separated by one of the preceding 
methods. In the case of tin, however, it is best to fuse the 
alloy in thin laminae with five times its weight of carbonate of 
soda and an equal quantity of sulphur, whereby a mixture of 
sulpharseniate and sulphostannate of soda is obtained, which 
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disflolyes completely in hot water. The stdphides of tin and 
arsenic may then be precipitated by hydrochloric acid^ and 
separated as above.* 



SECTION II. 

ANTIMONY. 

Eg. 120-24 or 1503 1 ; Sb {stibium). 

This metal was well known to the alchemists, and ia one 
of the metals the preparations of which were first introduced 
into medicine. Its snlphide is not an uncommon mineral, 
and is the source from which the metal and its compounds 
are always derived. 

The sulphide of antimony is easily reduced to the metallic 
state by mixing together 4 parts of that substance, 8 parts of 
crude tartar, and 1^ parts of nitre, and projecting the mixture 
by small quantities at a time into a red hot crucible. The 
sulphide is abo sometimes reduced by ftision with small iron 
nails, which combine with the sulphur and disengage the 
antimony. Or it may be obtained in a state oi greater purity 
by strongly igniting in a crucible a quantity of the potash- 
tartrate of antimony, and placing the resulting metallic mass 
in water to remove any potassium it may have acquired. 

Antimony is a white and brilUant metal, generaUy pos- 
sessing a highly lamellated structure. It is easily obtained 

* For a full account of the methods of efltimating arsenic and separating 
it from other metals, vide H. Bose, *' Handbuch der analytischen Chemie," 
1851, iL 881. 

t The number 129, giren by Berzelius for the equivalent of antimony, and 
hitherto generally adopted, appears from recent experiments by Schneider 
CPogg. Ann. xcriii. 298) and by H. Bose (Berl. Akad. Ber. 1866, p. 229) 
to bo much too high. S<^eider, by reducing the tersulphide of antimony 
with hydrogen, finds the equivalent to be 120'24 ; and Bose, by decomposing 
the terchloride with hydrosulphurio acid, and precipitating the chlorine with 
nitrate of silrer, finds the number 120*69. 

' B 2 
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in rhombohedral crystals of tlie same form as arsenic and 
tellarium. Its density is from 6*702 to 6*86, It under- 
goes no change in tlie air. The point of fusion of antimony 
is estimated at 797^; it may be distilled at a white heat. 
This metal bums in air at a red heat^ and produces copious 
fumes of oxide of antimony. 

Antimony combines in three proportions with oxygen, form- 
ing oxide of antimony and antimonic acid, SbOj and SbOg, 
which correspond respectively with arsenious and arsenic acids ; 
and antimonious acid, Sb04, which is probably an intermediate 
or compound oxide, analogous to the black oxide of iron. 

Teroxide of antimony, Antimonic oxide, Antimonious acid, 
SbOg, 144-24 or 1803. — This oxide may be obtained by dis- 
solving the sulphide, finely pounded and in the condition in 
which it is known as prepared sulphide of antimony, in four 
times its weight of concentrated hydrochloric acid. Pure 
hydrosulphuric acid goes off, and the antimony is converted 
into terchloride : 

SbS3 + 3HC1 = SbClg + 3HS. 

The clear solution may be poured off, and precipitated at 
the boiling heat by a solution of carbonate of potash added 
in excess, the carbonic acid, which does not combine with 
oxide of antimony, escaping as gas. Teroxide of antimony, 
so prepared, is anhydrous, but is slightly soluble in water: 
it is white, but assumes a yellow tint when heated. It is 
fusible at a red heat, and sublimes at a high temperature 
in a close vessel, where it cannot pass into a higher state of 
oxidation. The brilliant crystalline needles which condense 
about antimony in a state of combustion likewise consist of 
this oxide. They possess the unusual prismatic form of ar- 
senious acid observed by Wohler. Oxide of antimony also 
crystallises as frequently in regular octohedrons, the other 
form of arsenious acid. It occurs in the prismatic form as a 
rare mineral, whose density is 6*227. 
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When a solution of potash is poured upon the btdky hydrate 
of teroxide of antimony^ which is precipitated from the chloride 
by water, a portion of the oxide is dissolved, but the greater 
part loses its water, and is reduced in a few seconds* to a fine 
greyish, crystalline powder, which is a neutral combination of 
teroxide of antimony with potash. Teroxide of antimony also 
combines with acids, forming the sali» of antimony, or an- 
timonic salts. 

The solutions of these salts give with hydrosulphuric acid 
a brick-red precipitate of tersulphide of antimony, easily 
soluble in sulphide of ammonium, and reprecipitated by acids. 
This precipitate dissolves in strong boiling hydrochloric acid, 
forming the terchloride, which when thrown into water yields 
a precipitate of the oxychloride. This reaction with hydro- 
sulphuric acid distinguishes antimony from all other metals.'^ 
Zinc or iron precipitates antimony from its solutions in the 
form of a black powder, which, when fiised on charcoal before 
the blow-pipe, yields a brittle button of the metal. According 
to Dr. OdUngt, antimony is also precipitated by copper, in the 
form of a brilliant metallic film, which may be dissolved off 
the copper by a solution of permanganate of potash, yielding 
a solution which will give the characteristic red precipitate 
with hydrosulphuric acid. This reaction affords a ready 
method of separating antimony from liquids containing 
organic matter, — as in medico-legal inquiries. All compounds 
of antimony fused upon charcoal with carbonate of soda or 
cyanide of potassium, yield a brittle globule of antimony, a 
thick white fiime being at the ^ame time given off, and the 
charcoal covered to some distance around with a white de* 
posit of antimonic oxide. The reduction with cyanide of 
potassium may also be performed in a porcelain crucible, 
without charcoal. A solution of terchloride of gold added to 

* For tho reactions of antimonic salts with alkalies, see terchloride of antU 
mony and tar iar- emetic, | 

t Guy's Hospital Reports, [3.] ii. 249. 
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the solution of a salt of teroxide of antimony, form« a ydlow 
precipitate of metallic gold, the oxide of antimony being at 
the same time converted into antimonic acid, vhkji com- 
pound is precipitated as a white powder, together with the 
gold, unless the solution contains a very large excess of hydro- 
chloric acid. In a solution of oxide of antimony in potash, 
terchloride of gold produces a black precipitate, whidi is not 
altered by heating. This reaction is extremely delicate. 

TerstdpMde of antimony, SbSs, 168*24 or 2103.— The com- 
mon ore of antimony is a tersulphide, SbSj, corresponding with 
the preceding oxide of antimony. It is rarely free from sul- 
phide of arsenic, which thus often enters into the antimonial 
preparations derived fix>m the sulphide of antimony, but into 
tartar-emetic less frequently than the others. The same 
sulphide is formed when salts of the oxide of antimony, sudi 
as tartar- emetic, are precipitated by hydrosulphuric acid; but 
it is then of an orange-red colour. When the precipitated 
sulphide is dried, it loses water and bec(»nes anhydroua, still 
remaining of a dull orange colour ; but when heated more 
strongly, it shrinks at a particular temperature, and assumes 
the black colour and metaUic lustre of the native sulphide. 
This sulphide is also obtained of a dark brown colour by 
boiling the prepared sulphide of antimony in a solution of 
carbonate of potash, and allowing the solution to cool; by 
fusing 2}- parts of the prepared sulphide with 1 part of car- 
bonate of potash; or dissolving it in a boiling solution of 
caustic potash, and afterwards adding an acid. The last pre- 
paration is known as Kermes mineral. It has a much duller 
colour than the precipitated sulphide, but differs from it 
only in containing small quantities of oxide and pentasulphide 
of antimony, together with an alkaline sulphide which can- 
not be removed by washing (Berzelius). When the cooled 
mother-liquor from which kermes is deposited is mixed with 
hydrochloric acid, a precipitate is obtained, consisting, like the 
kermes, of SbSs mixed with SbO, and SbS^ but of a redder 
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colour. It is sometimes called the golden sulpfmret of 
antimony. 

Wben the sulphide of antimony is oxidated at a red heat^ 
much sulphur is burned off^ and an impure oxide of antimony 
remains. This matter forms, when fused, the glass qf antu 
mo9^, which contains a considerable quantity of undecomposed 
sulphide. The glass, reduced to powder, is boiled with bitar- 
trate of potash as a source of oxide of antimony, in the 
pharmaceutical preparation of t^rtar-emetie. The oxide pf 
antimony is dissolved out from the glass by acids, and a sub- 
stance is left which is called saffron of antimony , This last 
is a definite compound of oxide imd sulphide of antimony, 
Sb03 . 2SbS3, which also occurs as a mineral — namely, red 
antimony ore. 

Terchloride qf antimony, SbClg, is obtained by distilling 
either metallic antimony or the tersulphide of antimony with 
corrosive sublimate. When heated it flows like an oil, and 
becomes a crystalline mass on cooling. It is a powerful 
cautery. This salt dehquesoes in air, and becomes turbid, 
owing to the deposition of a subsalt. A concentrated solution 
of chloride of antimony is also obtained by dissolving the 
sulphide of antimony in hydrochloric acid. When this solution 
is thrown into water, it gives a white bulky precipitate, which 
after a time resolves itself into groups of small crystals, having 
usually a fawn colour; it was formerly called the powder of 
Algaroth, These small crystals are an oxychloride of anti- 
mony, which, according to the analyses of Johnston and 
Malaguti, contains 2SbCl3 . gSbOg. 

A solution of terchloride of antimony, to which water is 
added, and then a sufficient quantity of hydrochloric acid to 
redissolve the precipitate thereby produced, gives Yiiih potash 
a white precipitate of the hydrated teroxide, soluble in a very 
large excess of the alkali. Ammonia forms the same preci- 
pitate insoluble in excess. Carbonate of potash, or soda, pro- 
duces also a white precipitate of the hydrated teroxide, which 

B 4 
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is soluble in excess^ especially of the potash-salty but re« 
appears after a while. These reactions are greatly modified 
by the presence of fixed organic acids^ especially of tartaric 
acid. In such a case, water forms no precipitate^ ammonia 
but a slight one and after some time only^ and the precipi- 
tate formed by potash dissolves easily in excess of the alkali. 
(See Tartar^emeHc.) 

Terfluoride of antimony ^ SbF^, is obtained^ by treating the 
teroxide with strong hydrofluoric acid^ in colourless crystals 
which dissolve in water without decomposition. It unites 
with fluoride of potassium^ forming the compound 3KF . SbF, 
and similarly with fluoride of sodium and fluoride of ammo- 
nium. 

Stdphaie of antimony , SbOj . SSOj^ is obtained, by boiling 
metallic antimony with concentrated sulphuric add, as a 
white saline mass, which is decomposed by water. 

Oxalate of potash and antimony^ KO . CjOj + SbOj . SCaOj. 
— This is a double crystallisable salt of antimony, which, 
like the tartrate of potash and antimony, may be dissolved 
in water without decomposition. It is prepared by satur- 
ating binoxalate of potash with oxide of antimony. It is 
soluble at 48^ in ten times its weight of water (Lassaigne). 
According to Bussy, when binoxalate of potash is digested 
upon oxide of antimony in excess, two salts are formed, one 
in oblique prisms, and another less soluble, in intricate small 
crystals ; but neither is very stable. The former is decom- 
posed by a large quantity of water : its analysis gave 
3(K0 . CaOg) + SbOg . SCaOg -h 6HO.* 

Tartrate of potash and antimony, KO . Sb O3 + C8H40io.2HO. 
— This salt, the tartar-emetic or potash tartrate of anti- 
mony of pharmacy, is prepared by neutraliaiug bitartrate 
of potash with oxide of antimony; the oxide obtained by de- 
composing the chloride or sulphate of antimony with water 
answers best for the purpose. A quantity of oxide of anti- 

• J. Pharm. 1838, p. 509. 
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mony may be boiled with three or four times its weight of 
water, and bitartrate of potash added in small quantities till 
the oxide is entirely dissolved. The filtered solution yields 
the salt, on cooling, in large transparent crystals, the form of 
which is an octohedron with a rhombic base ; they become 
white in the air, and lose their water of crystallisation. They 
are soluble in 14 times their weight of cold water, and in 1*88 
X>arts of boiling water, but not in alcohol. The mother-liquor 
of. these crystals becomes a syrupy liquid, and dries up into 
a gummy mass without crystallising, when oxide of antimony 
has been dissolved in excess by the acid tartrate in prepar- 
ing the salt. Potash added to a solution of the salt throws 
down the teroxide of antimony, but the precipitate is easily 
soluble in excess of potash. Ammonia forms no precipitate 
at first, and but a slight one after standing. Alkaline car^ 
bonates form a precipitate of the teroxide insoluble in excess 
of the reagent. With hydrosulphuric acid, the reaction is 
the same as with other salts of antimony. (See p. 224.) Salts 
of the earths and basic metallic oxides, such as baryta and 
oxide of silver y throw down from its solution a compound of 
the tartrate of antimony with tartrate of baryta, tartrate of 
silver, &c. (Wallquist.) Strong adds decompose the salt, 
and produce a precipitate which is a mixture of bitartrate of 
potash with oxide of antimony, or with a subsalt of that 
oxide. 

This salt was formerly described as a double tartrate of 
potash and antimony, or, abstracting its water of crystallisa- 
tion, which is difierently stated at 2 and 8 equivalents, as 
KO . (C4H2O5) + SbOa . (C^HaOg) . When the atomic weight 
of tartaric acid is doubled, and it is represented as a bibasic 
acid, the formula for dry tartar-emetic becomes KO . SbOj. 
(C8H40io). In comparing the last formula with that of bi- 
tartrate of potash, represented also as a bibasic salt, KO • 
HO . (C8H4O10), it is observed that 1 eq. of oxide of anti- 
mony takes the place of 1 eq. of water as base, although the 
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former contains 8 eq. of oxyg^oi, and the latter only one. Tar- 
trate of potash and antimony is^ in this respect, an anomalous 
salt. Another equally remarkable fact respecting this salt 
has been obsenred by M. Dumas, namely, that 2 eq. c^ water 
are separated from the anhydrous salt at 428^, leaving a 
substance of which the elements are CgH^Oi, SbK. The 
first part of this formula CgHjOi,^ M. Dumas looks upon aa 
a quadribasic salt-radical, existing in the tartrates, which in 
hydrated tartaric acid is united with 4H, in bitartrate of 
potash with 3H + K^ and in tartrate of antimony and potash 
with Sb+K. Here Sb is found equivalent to and c^Kible 
of replacing 8H. Tartrate of antimony and potash might, 
therefore, be represented by KSb(C8H.20i3) + 2HO + water 
of crystallisation. If SbO^ be regarded as a radical capable 
of replacing 1 eq. of hydrogen (similar to uranyl, U2O2, 
the hypothetical radical of the uranic salts), the formula 
of tartar-emetic dried at 212^ may be written as CgH4K 
(Sb03)Oi2, and that of the salt dried between 392'^ and 
428°, as C8H2K(SbOa)Oio. 

Antimanic acid, SbOs,160*24 or 2008.— This compound ia 
obtained in the hydrated state: 1. By treating antimony 
with nitric acid, or with aqua-regia containing excess of 
nitric acid. 2. By decomposing pentachloride of antimony 
with water. 8. By precipitating a solution of antimoniate of 
potash with an acid. 

The hydrated acid obtained by either of these methods 
gives off its water at a moderate heat, and yields anhydrous 
antimonic acid in the form of a yellowish powder, which is 
tasteless, insoluble in water, decomposes alkaline carbonates, 
and, when heated to redness^ gives off oxygen^ and is con- 
verted into antimoniate of antimonic oxide, SbOs . SbOg. 

The hydrates obtained by the three methods above de- 
scribed are by no means identical. The acid in the first is 
monobasic, whereas in the oth^ two it is bibasic. The bi- 
basic acid is distinguished by the name of metaniimonic add, 
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while the monobasic acid is called simply aniimonic acid 
(Premy). 

Anidmonic acid forms neutral or normal salts^ containing 
MO . SbOg, and acid salts whose formula is MO . (SbOg)^. Met- 
antimonic acid forms neutral salts containing (M0)2 . SbOg^ 
and acid salts containing (MO)2.(SbOg)2, or MO.SbOg, 
so that the acid metantimoniates are isomeric or polymeric 
with the neutral antimoniates. An acid metantimoniate 
easily changes into a neutral antimoniate. The metanti- 
moniates of potash, soda, and ammonia are crystalline ; the 
antimoniates of the same bases are gelatinous and uncrystal- 
lisable. The soluble acid metantimoniates form a crystalline 
precipitate with salts of soda ; the soluble antimomates do 
not form any such precipitate (Fremy). 

Antimomates of potash, — The neutral salt, KO.Sb06.5HO, 
is obtained by fusing 1 part of antimony with 4 parts of nitre, 
digesting the fiised mass in tepid water to remove nitrate and 
nitrite of potash, and boiling the residue for an hour or two 
with water. The white insoluble mass of anhydrous anti- 
moniate is thereby transformed into a hydrate containing 
5 eq. water, which is soluble. The solution when evaporated 
leaves this hydrate in the form of a gummy uncrystallisable 
mass, which gives off 2 eq. of water at 820^, and the whole at 
a higher temperature. 

Add antimomate of potash, KO . (SbOg)^ is obtained by 
passing carbonic acid gas through a solution of the neutral 
antimoniate. It is white, crystalline, perfectly insoluble in 
water, and is converted into the neutral salt when heated 
with excess of potash. This salt is the antimonium diapho^ 
reticum lavatum of the pharmacopoeias (Fremy). 

Neutral metantimoniate of potash, 2K0.8b05, is prepared 
by fusing antimonic add or neutral antimomate of potash 
with a large excess of potash. The fused mass dissolves in a 
small quantity of water, and the solution evaporated in vacuo 
yields crystals of the neutral metantimoniate. This salt 
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dissolves freely and without decomposition in warm water 
containing excess of potash; but cold water or alcohol de« 
composes it into potash and the acid metantimoniate. Hence 
the aqueous solution of this salt gives a precipitate^ after a 
while^ with salts of soda (Fremy). 

Acid metantimoniate of potash, KO.SbOg + THO^ some* 
times called granular aniimoniate of potash. — This salt is 
used as a test for soda. To obtain it^ the neutral antimoniate 
is first prepared and dissolved in the manner above described; 
the solution filtered to separate any add antimoniate that 
may remain imdissolved; then evaporated to a syrup in a 
silver vessel ; and hydrate of potash added in lumps to convert 
the antimoniate into metantimoniate. The evaporation is 
continued till the liquid begins to crystallise, which is ascer- 
tained by taking out a drop now and then upon a glass rod, 
and the liquid is left to cool. A crystalline mass is thus 
obtained, consisting of neutral and acid metantimoniate of 
potash ; the alkaline liquor is then decanted, and the salt dried 
upon filtering paper or unglazed porcelain (Fremy). This 
salt may also be prepared by treating terchloride of antimony 
with an excess of potash sufficient to redissolve the precipitate 
first formed, and adding permanganate of potash till the 
solution acquires a faint rose colour. The liquid, filtered 
and evaporated, yields crystals of the granular metantimoniate 
(Reynoso). This salt is sparingly soluble in cold water, but 
dissolves readily in water between 113^ and 122**. When 
boiled with water for a few minutes, or kept in contact with 
water for some time, it is converted into the neutral anti« 
moniate. It must therefore be preserved in the solid state, 
and dissolved just before it is required for use. A small 
quantity of it is then treated with about twice its weight of 
cold water to remove excess of potash, and convert any 
neutral metantimoniate into the acid salt; the liquid de« 
canted; the remaining salt rapidly washed three or four 
times with cold water ; then left in contact with water for a 
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few minutes, and the liquid filtered. On adding to the solu- 
tion thus obtained, a small quantity of any soda-salt, a crys- 
talline precipitate is formed, consisting of add metantimo- 
niate of soda, NaO . SbOs -f 7H0. This reaction is apparent 
in a solution containing only 1 part of soda in 800. In strong 
solutions of soda, the precipitate appears immediately, but in 
dilute solutions only after a while, the crystals being depo- 
sited on the sides of the vessel. An excess of potash in the 
reagent also retards the precipitation (Premy*). 

Antimoniates of ammonia, — ^When the metantimonic acid, 
obtained by decomposing pentachloride of antimony with 
water, is treated with ammonia, part of ifc dissolves, and a 
solution is formed containing neutral metantimoniate of am- 
monia, A few drops of alcohol added to the solution, throw 
down a precipitate consisting of acid metantimoniate of am- 
monia, NH^O . SbOg + 6H0. This salt is slightly soluble, and 
its solution precipitates soda-salts. It changes spontaneously 
in.a few days, even when kept in a close vessel, into neutral an- 
timoniate of ammonia, which is completely insoluble in water. 
The same change is instantly produced in it by heat (Fremy). 

Aniimoniate of lead, PbO . SbOg, may be obtained as a 
yellow powder by fusing antimonic acid with oxide of lead, or 
as a white hydrate by precipitation : the hydrate gives off its 
water when heated, and turns yellow. This salt is used as a 
pigment under the denomination of Naples yellow. 

Antimoniate of antimony, SbOg. SbOg. or Sb04, is obtained 
by the action of heat upon antimonic acid, by roasting the 

* Traits de Ohimie G^n^rale, par Felouze et Fremy, 2ine. ed. t. 8. pp. 151. 
157. According to Hefiler (Pogg. Ann. Ixxxvi. 418.), the granular antimoniate 
of potash i8KO.HO + 12(KO.SbOs + 7HO) ; the precipitated Boda-salt is 
similarly constituted ; and bj treating the solution of this salt in boiling 
water with salts of the earths and metallic oxide?, precipitates are obtained, 
also of similar composition, or differing only in the water which they 
contain. Heffler's formula were calculated according to the old equiyalent of 
antimony, 129 ; but Schneider has shown that, on re-calculating the analyses 
with the lower equivalent 120*24, the numbers of the equiyaleuts of base and 
acid come out equal. 
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teroxide or tersulphide^ or by treating powdered antimony with 
excess of nitric acid. It is whiter infusible, and unalterable 
by heat ; slightly soluble in water. It was formerly regarded 
as a distinct acid, Sb04, and called antimaniaus acid; but it 
does not form salts; and, when boiled with bitartrate of 
potash, it is resolved into cream of tartar, which dissolves, 
and a residue of antimonic acid. 

Pentasuiphide of antimony , Stdphantimonic acid, SbO^ is 
obtained by passing hydrosulphuric acid gas into an acid 
solution of pentachloride of antimony, or into the sohition 
of an alkaline antimoniate. It has an orange-colour much 
less red than the tersulphide; it is the golden mdphuret of 
antimony of several pharmacopcsias. It combines with basic 
metallic sulphides, forming the stdphantisnoniates. The ^oiKtmi- 
salt, SNaS . SbS^, which is sometimes used in medicine, is 
obtained by mixing 18 parte of finely pounded tenmlphide of 
antimony, 12 parts of dry carbonate of soda, 13 parts of lime, 
and Si parts of sulphur ; triturating the mixture for about half 
an hour ; leaving it for two or three days in a flask filled with 
water, and shaking it from time to time ; then filtering and 
evaporating, first over the open fire, afterwards in vacuo. The 
salt is thus obtained in large regular tetrahedrons of a pale yel- 
low colour. It is very soluble in water, and is decomposed hj 
acids, which throw down hydrated pentasuiphide of antimony. 

Pentachloride of antimony, SbCl5, is obtained by heating 
metallic antimony in a current of dry chlorine, and <li«fa'lliTig 
the product in a dry retort, rejecting the first portions of the 
distillate, which contain excess of chlorine. It is a ydlowish, 
very volatile liquid, which emits suffocating vapours. Water 
first converts it into a crystalline hydrate, and then decomposes 
it, forming antimonic add: SbClg+SHOsSbOg+SHCl. 
It absorbs ammonia and phosphuretted hydrogen, forming 
red-brown solid compounds. It absorbs defiant gas as readily 
as chlorine, and forms Dutch liquid. It likewise absorbs 
hydrosulphuric acid gas at ordinary temperatures, forming a 
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white crystalline mass^ oonaisting of chlorosulphide ofasUimany, 
SbC\^9^ exactly analogoas to chlorosulphide of phosphorus 
PCI3S2. Pentasulphide of antimony^ treated with dry chlorine 
aided by heat^ forms a white pulverulent compound, containing 
SbCl^Sg, or SbClg.SSCl; this compound is decomposed at 
572° (300° C.) into chlorine, chloride of sulphur, and ter- 
chloride oi antimony. Pentachloride of antimony combines 
with hydrocyanic acid, forming a white, crystalline, volatile 
compound, composed of SbCl5.3HCy. It also combines with 
chloride of cyanogen. 

Antimofduretted hydrogen. — *This compound is obtained by 
dissolving an alloy of zinc and antimony in hydrochloric or 
dilute sulphuric acid, or by disscdving sine in either of these 
dilute acids containing oxide or chloride of antimony, tartar- 
emetic, Sto. The gas, however, always contains more or less 
firee hydrogen. Its comparative purity may be tested by 
means of a solution of nitrate of silver, which absorbs the 
antimoniuretted hydrogen, and leaves the free hydrogen. An 
alloy of 2 parts zinc and 1 part antimony yields the purest 
gas; an alloy containing a larger proportion of antimony 
gives more free hydrogen ; and an alloy of equal parts of the 
two metals yields scarcely anything but free hydrogen. As 
the compound has never been obtained in a state of purity, 
its composition has not been correctly ascertained, but it is 
probably SbHg. 

Antimoniuretted hydrogen is a colourless gas, and when 
free from arsenic, quite inodorous. It is insoluble in water, 
and in alkaline liquids ; with solutions of silver or mercury 
it forms precipitates containing silver or mercury, together 
with antimony. When burned from a jet, it deposits, on a 
plate of porcelain, metallic spots, greatly resembling those of 
arsenic, but differing from the latter in possessing less lustre 
and in not being soluble in hypochlorite of soda. They may 
also be dissolved in aqua-regia or in permanganate of potash 
(p. 224), and the solution will give the characteristic orange 
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precipitate with hydroBulpliimc acid. A metallic deposit may 
also be obtained by heating a glass tube through which the 
gas is passed ; and this deposit^ when sublimed^ will not exhibit 
the characters of arsenic (p. 216). 

Alloys of antimony with potassium or sodium may be ob- 
tained by igniting metallic antimony, or its oxide or sulphide, 
with an organic salt of potash or soda. Thus, when 5 parts 
of crude tartar and 4 parts of antimony are slowly heated 
in a covered crucible till the mixture becomes charred, then 
heated to whiteness for an hour, and left to cool, a crystalline 
regulus is obtained containing 12 per cent, of potassium. This 
alloy decomposes water rapidly, and oxidises slowly in the air 
when in the compact state, but becomes heated and takes fire 
when rubbed to powder. 

A mixture of 7 parts of antimony and 3 parts of iron, heated 
to whiteness in a crucible lined with charcoal, forms a white, 
very hard, slightly magnetic alloy, which gives sparks when 
filed. It is always formed when sulphide of antimony is 
reduced by iron in excess. 

With zinc, antimony forms alloys of definite crystalline 
character. A fused mixture of the two metals, containing 
from 43 to 70 per cent, of zinc, deposits by partial cooling, 
silver- white rhombic prisms, containing from 43 to 64 per 
cent, of zinc. The alloy containing exactly 43 per cent, of 
zinc, appears to be a definite compound, stibiotrizincyl, SbZn3. 
Mixtures containing from 83 to 20 per cent, of zinc deposit 
rhombic crystals containing from 35 to 21 per cent, of zinc« 
The alloy containing exactly 88 per cent, is stiUobizincyl, 
SbZn^. These alloys, especially SbZug, decompose water with 
evolution of hydrogen at the boiling heat, and very rapidly 
under the influence of acids (J. P. Cooke *). 

Type-metal, is an alloy of antimony and lead, usually con- 
taining 76 per cent, of lead, which corresponds nearly with 
the formula Pb^Sb. 

* Sm. Am. J. [2.] xyiii. 229 ; xx. 222. 
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ESTIMATION OF ANTIMONY^ AND METHODS OF SEPARATING 

IT FROM THE PRECEDING METALS. 

Antimony cannot be estimated in the form of antimonious 
or antimonic acid, because we can never be sure of the purity 
of those bodies. The best mode of proceeding is to precipi- 
tate it by hydrosulphuric acid, collect the sulphide of anti- 
mony on a weighed filter, and, after ascertaining the total 
quantity of the precipitate, estimate the proportion of sulphur 
in it in the manner already described with reference to sul- 
phide of arsenic (p. 219). Or the sulphide of antimony may 
be decomposed by heating it in a current of hydrogen ga^, 
whereupon hydrosulphuric acid and sulphur-vapour escape, 
and metallic antimony remains behind. For this purpose, a 
weighed portion of the sulphide is placed in a small porcelain 
crucible having a hole in its cover, through which a tube 
passes to convey the hydrogen. The temperature js gradually 
raised, and the process continued till the weight of the cru- 
cible no longer varies. The reduction may also be performed 
in a bulb-tube. 

When antimonious and antimonic acids occur together in 
solution, the total quantity of antimony may be ascertained 
by treating one portion of the liquid in the manner just 
described, and the quantity existing as antimonious acid may 
be determined in another portion by means of terchloride of 
gold, 2 eq. of precipitated gold corresponding to 3 eq. of anti- 
monious acid : 

2AUCI3 + 6H0 + SSbOg = 2Au + 6HC1 + SSbOg. 

The separation of antimony from the alkalies and earths, 
and from those metals which are not precipitated from their 
acid solutions by hydrosulphuric add, is effected by means of 
that reagent. 

To separate antimony from cadmium, copper, and lead, the 
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Boltttion, after being neutralised with ammonia, is mixed with 
sulphide of ammonium containing excess of sulphur. The 
sulphide of antimony then dissolves, the other sulphides 
remaining undissolved ; and on mixing the filtrate with acetic 
acid (hydrochloric acid might redissolve a portion of the pre- 
cipitate, especially as the liquid becomes heated), the sulphide 
of antimony is reprecipitated, and may be treated as above. 

When antimony is combined with any of the preceding 
metals in the form of an alloy, it may be separated by 
treating the alloy with nitric acid, whereby the other metals 
are dissolved, and the antimony converted into insoluble 
antimonio acid. This method is, however, not rigidly exact ; 
for the nitric acid dissolves a small portion of the antimony. 

Separation qf antimony from arsenic and tin, — ^The separa- 
tion of these metals is attended with considerable difficulty. 
The best mode of effecting it is to convert them into arsen- 
iate, stannate, and antimoniate of soda, and treat the mixture 
with dilute alcohol, which dissolves the arseniate and stannate 
of soda, and leaves the antimoniate undissolved. 

If the three metals exist together in solution, they must be 
precipitated as sulphides by hydrosulphuric acid, and tke 
precipitate treated by one of the following methods : — 

(1.) The precipitated sulphides are fused in a silver cru- 
cible with a mixture of hydrate of soda and nitre : or, better^ 
they are oxidised by heating them with strong nitric add ; 
the solution^ together with the insoluble stannic and anti- 
monic acids, mixed with excess of caustic soda, and evapo- 
rated to a small bulk; then transferred to a silver crucible, 
evaporated to dryness, and kept for some time in a state of 
red hot fusion. The fiised mass, consisting of arseniate, 
stannate, and antimoniate of soda, is disintegrated by diges- 
tion in warm water; the contents of the crucible trans- 
ferred to a beaker-glass; and the crucible well rinsed out 
with a measured quantity of water. The greater part of the 
arseniate and stannate c( soda then dissolves, while the anti- 
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moniate remaiiiB undiBBoIyed. But to effect complete separa* 
tion^ a quantity of alcohol of sp. gr. 0*838 is added^ equal 
in bulk to one-third of the water used; the mixture left 
to stand for 24 hours and frequently stirred ; and the anti* 
moniate of soda^ which has then completely settled down, 
is collected on a filter and washed, first, with a mixture of 
1 Yolume of the same alcohol to 8 yols. of water, then with 
1 vol. alcohol to 2 yols. water ; next, with a mixture of equal 
measures of water and alcohol; and, lastly, with 8 yols. 
alcohol to 1 yol. water (H. Rose).* 

(2.) The precipitated sulphides of the three metals are 
dissolyed in a mixture of sulphide of sodium and caustic soda, 
and the liquid mixed with a solution of hypochlorite of soda. 
The sulphides are thereby oxidised and conyerted into arsenic, 
stannic, and antimonic acids, which combine with the soda^ 
and may be separated by treatment with dilute alc(^ol, and 
washing, as in Rosens process. This method is due to Dr. 
Williamson; it is easier of execution than the former, as 
the fused mixture of the soda-salts is yery hard, and difficult 
to disintegrate by water. 

The antimoniate of soda, separated by either of these pro- 
cesses, is digested in a mixture of hydrochloric and tartaric 
acids, which dissolyes it completely ; the antimony then pre- 
cipitated by hydrosulphuric acid ; and its quantity estimated 
in the manner already described (p. 235). 

The filtrate containing the arseniate and stannate of soda 
is supersaturated with hydrochloric acid, which throws down 
a bulky precipitate of arseniate of stannic oxide ; hydrosul- 
phuric acid gas passed through the liquid till the white preci- 
pitate is completely conyerted into a brown mixture of the 
sulphides of tin and arsenic; the whole left to stand till the 
odour of hydrosulphuric acid is no longer perceptible; the 
precipitate collected on a weighed filter; and the filtrate 

• Handb. d. anal. Chem. 1851. ii. 429. 
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heated for some time to expel the greater part of the alcohol ; 
then mixed with sulphurous acid^ and again treated with. 
hydrosulphuric acid^ whereby a small quantity of sulphide of 
arsenic is generally precipitated. This quantity of sulphide 
of arsenic being quite free from tin^ need not be added to the 
mixed sulphides on the filter. 

These mixed stdphides are dried at 212^, their total weight 
determined, and a known quantity heated in a stream of 
hydrosulphuric acid gas in the mann» described at page 220. 
The residual sulphide of tin is then converted into stannic 
oxide, and the sublimed sulphide of arsenic, together with 
the small quantity separately precipitated, is converted into 
arsenic acid by treatment with hydrochloric acid and chlorate 
of potash, and the arsenic precipitated as ammonio-magnesian 
arseniate (H. Rose). 

If the three metals are in the state of solid oxides, the 
mixture may be dissolved in hydrochloric acid, with addition 
of tartaric acid, and the metals precipitated as sulphides as 
before. If the metals are mixed in the form of an aUoy, they 
may be dissolved in aqua-regia, the solution mixed with tar- 
taric acid, then diluted, and precipitated in the same manner. 

The method just described may, of course, be applied to 
the separation of antimony from tin or from arsenic alone. 
In these cases, however, simpler methods may often be ad- 
vantageously adopted. 

Separation of antimony from tin — ^When these two metals 
exist together in solution, and the sum of their weights is 
known, the separation may be elSfected, and the weights of 
the two determined, by immersing in the solution a piece of 
pure tin, which precipitates the antimony in the form of a 
black powder. To render the precipitation complete, a gentle 
heat must be applied, and the solution must contain excess of 
add. The antimony is collected on a weighed filter, dried at 
a gentle heat, and weighed. If the sum of the weights is not 
previously known, the metals must be precipitated together 
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by zinc (rota a known quantity of the solution^ and the anti- 
mony precipitated by tin from another portion. When the 
two metals exist together in an alloy^ a portion of the alloy 
must be weighed^ then dissolved in aqua-regia^ and the solu- 
tion mixed with tartaric acid^ diluted with water, and treated 
as above. 

Another method of separation is to precipitate the two 
metals with zinc, and treat the precipitate with strong hydro- 
chloric acid without previously decanting the solution of 
chloride of zinc. The tin then dissolves, while the antimony 
remains undissolved, the presence of the chloride of zinc 
diminishing its tendency to dissolve in the acid. The tin 
may afterwards be precipitated by hydrosulphuric acid, and 
the sulphide converted into stannic oxide, by treating it with 
strong nitric acid (Levol).* 

Separation of antimony from arsenic, — ^When these two 
metals are associated in the metallic state, they may be com- 
pletely separated by heating the alloy in a stream of carbonic 
add, the arsenic then volatilising, and the antimony remain- 
ing. Antimony is, however, the only metal from which ar- 
senic can be completely separated in this manner ; hence, if 
the alloy contains any other metal, some of the arsenic will 
be retained, and the method is no longer applicable. 

When this is the case, the alloy may be dissolved in aqua 
regia, or in hydrochloric acid to which chlorate of potash is 
gradually added ; the solution diluted with water after addi- 
tion of tartaric acid; then mixed with a considerable quantity 
of chloride of ammonium and excess of ammonia; and the 
arsenic precipitated as ammonio-magnesian arseniate by addi- 
tion of sulphate of magnesia. The antimony may then be 
precipitated from the filtrate by hydrosulphuric acid. 

• Ann. Ch. Phys. [3.] xiii. 126. 
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£^.218, or 2662-5; BL 

Bismatli is generally found in the metallic state, disseminated 
in quart>-rock ; but occurs also as an oxide, carbonate, and 
sulphide, either alone or assodated with other metals ; also in 
combination with tellurium. Native bismuth is, bowevcTj the 
only mineral which occurs in sufficient abundance for the 
economical extraction of the metal. The process of extraction 
as performed in Saxony, whence all the bismuth of commerce 
is obtained, is very simple, the mineral being merely heated iu 
close vessels, so as to melt the bismuth, and thereby separate it 
fW>m the gangue or accompanying rock. The ihsion is per- 
formed in iron tubes, laid in an inclined position, iu a furnace. 
(Flff. 11.) The ore is introduced at the upper end, d, which, 
is then plugged. Hie 
other end, i, is closed 
with an iron plate 
having an aperture, 
o, through which the 
melted metal runs 
into earthen pots, a, 
heated by a few coals 
placed in the space, 
p.g jj K, below, so as to 

keep the metal in 
the melted state. It is then ladled out and run into moiJds. 
The crude metal thus obtained is afterwards fused with 1-lOth 
of its weight of nitre, to free it from sulphur, arsenic, and 
certain foreign metals. 

Commercial bismuth, however, is still somewhat impure. 
To free it completely from other metals, it is dissolved in 
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nitric acid^ the dear liquid decanted and mixed with water, 
which throws down a subnitrate of bismuth; and this com- 
pound is reduced at a moderate heat, either with black flux, 
or in a crucible lined with charcoal. 

Bismuth crystallises in octohedrons and cubes. It may be 
obtained in very beautiful crystals, by fusing several pounds 
of the ordinary metal in a crucible or iron ladle, adding 
nitre from time to time, and stirring, till a portion of the 
fused metal, taken out and exposed to the air, no longer 
assumes an indigo colour, changing to violet or rose and dis-* 
appearing on cooling, but a fine green or golden tint, which it 
retains on cooling ; then leaving the metal to coof slowly, on 
a hot sand-bath, for instance, till a crust forms on the surface ; 
piercing this crust with a hot coal ; and pouring out the por* 
tion which still remains liquid. On subsequently detaching 
the crust, the inner surface of the metal is found to be covered 
with beautiful fretted cubes, like those of common salt. 

Bismuth is moderately hard, slightly sonorous, and brittle, 
but may be somewhat extended by careful hammering. Its 
colour is reddish tin-white, with moderate lustre. The 
specific gravity of pure bismuth is 9*6542 (Karsten), 9*799 
(Marchand and Scherer); of commercial bismuth, 9'S22 
(Brisson), 9*833 (Herapath), 0*861 (Bergman). Strong pres- 
sure rather diminishes than increases the density. Bismuth 
melts at 480° (Crichton) ; at 507° (Rudberg) ; at 609^ 
(Hermann) ; and expands in solidifying. It boils at an inci- 
pient white heat, and if the air be excluded, sublimes in 
laminae. 

Bismuth forms four compounds with oxygen, vis., the 
bioxide, BiO^; the teroxide, BiO,; the quadroxide Bi04; and 
bismuthio acid, BiOs. 

Bioxide or suboxide of bismuth. — ^Bismuth oxidises slowly 
when exposed to the air at ordinary temperatures, becoming 
covered with a brownish film of suboxide. When heated in 
the air till it fuses, it oxidates more rapidly, becoming covered 

8 4 



242 BISMUTH. 

with tlie same brown oxide, which is renewed as often as it is 
removed, till the whole of the metal is oxidised. This sub- 
oxide is also formed when subnitrate of bismuth is heated with 
protochloride of tin. By pouring a hydrochloric acid solution 
of equivalent quantities of teroxide of bismuth and proto* 
chloride of tin into excess of moderately strong potash, a 
black-brown precipitate is formed, consisting of a lower oxide of 
bismuth combined with stannic acid ; and on treating this com- 
pound with stronger potash, the stannic add dissolves and an 
oxide of bismuth remains, which, when dried in vacuo, or at 
100°, out of contact with the air, forms a blackish-grey crystal- 
line powder, consisting of BiO^, retaining, however, a small 
quantity of water. It shows but little disposition to absorb 
oxygen at ordinary temperatures, but when heated, it is instantly 
converted, with a glimmering light, into teroxide. Acids de- 
compose it into metallic bismuth and teroxide. When ignited 
in an atmpsphere of carbonic acid, it becomes perfectly anhy-* 
drous, and in that state does not undergo any perceptible 
alteration by exposure to the air at ordinary temperatures, and 
oxidises but slowly even at a red heat (R. Schneider).* 

Teroxide of Bismuth, BiOj ; 237 or 8662-5. — Bismuth 
heated in the air till it boils, takes fire and bums with a 
faint bluish white flame, forming teroxide of bismuth, the 
vapour of which condenses on the surface of cold bodies in the 
form of flowers of bismuth. The same oxide is obtained in 
solution by acting on bismuth with nitric acid, the metal being 
then dissolved with evolution of nitrous fumes. Strong sul- 
phuric acid likewise dissolves it at a boiling heat, with evolution 
of sulphurous acid. Hydrochloric acid acts but slightly on 
it, even with the aid of heat. When the solution of the 
nitrate is mixed with water, a white precipitate of subnitrate 
is produced ; and this, when gently ignited, yields the ter- 
oxide in the form of a lemon-yellow powder. By fusing the 

* Pogg. Ann. IxxzTiii. 45. 
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hydrated oxide with hydrate of potash^ or boiling it with 
potash-ley^ the anhydrous oxide may be obtained in yellow 
shining needles. Teroxide of bismuth fuses at a strong red 
heat^ and solidifies in a crystalline mass on cooling. It is 
easily reduced to the metallic state by potassium or sodium 
at a gentle heat^ and by charcoal before the blowpipe. 

Teroxide of bismuth combines with acids^ forming salts 
which are very heavy, colourless, unless the acid itself is 
coloured, and exert a poisonous action. Heated on charcoal 
with carbonate of soda, they yield a button of metal. Zinc, 
tin, cadmium, iron, and lead, precipitate the metal from the so- 
lutions of these salts. Water decomposes most bismuth-salts 
— provided they do not contain too large an excess of acid, 
throwing down a sparingly soluble basic salt, while the acid 
remains in solution, together with a small quantity of oxide. 
Hydrosulphuric acid produces a brown-black precipitate of 
tersulphide of bismuth, insoluble in sulphide of ammonium. 
Caustic alkalies, at ordinary temperatures, throw down the 
white hydrated oxide, but at a boiling heat, especially if they 
are concentrated, they produce a yellow precipitate of the 
anhydrous oxide : these precipitates are insoluble in excess of 
the alkali. Alkaline carbonates throw down a white preci- 
pitate of carbonate of bismuth, .slightly soluble in excess, but 
precipitated from the solution by a caustic alkali. Chromate 
or bichromate of potash throws down a yellow chromate of 
bismuth, insoluble in caustic potash, whereby it is distin- 
guished fi*om chromate of lead. Sulphuric acid produces no 
precipitate. 

Quadroxide of bismuth, Bi04. — When a bismuth-salt con- 
tains free chlorine, caustic potash produces in it, not a white 
but a yellow precipitate, which consists of the hydrate of a 
higher oxide, but cannot be obtained free from chlorine. When 
this yellow hydrate is boiled with an alkaline chlorite having 
a strong alkaline reaction, it turns brown, like peroxide of lead, 
and is converted into the quadroxide of bismuth (Arppe). 
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This oxide is completely dissolved by boiling nitric add ; any 
yellow or green residue that may be left, consists of bismuthic 
acid. It is perhaps a compound of teroxide of bismuth with 
bismuthic add : BiO^'BiOg. 

BUnmthic acid, BiOg. — Prepared by passing chl(»nne 
through a strong solution of i)otash in which finely divided 
teroxide of bismuth is suspended ; also, by heating a mixture 
of potash and teroxide of bismuth for a long time in contact 
with the air, — or better^ by calcining a mixture of teroxide o{ 
bismuth, caustic potash, and chlorate of potash. Bismuthic 
acid, prepared by any of these methods, is always more or less 
mixed with teroxide of bismuth, which, however, may be din* 
solved out by weak nitric acid. Bismuthic acid is a light red 
powder, which, at a temperatiure a little above 312^, gives off 
part of its oxygen, and is converted into quadroxLde of bis^ 
muth. Strong acids also decompose it, reducing it to the 
state of teroxide of bismuth, which then unites with the acid. 
Bismuthic acid combines with potash, and forms a few double 
salts, whose bases are the alkali and teroxide of bismuth. 

Bisulphide of bismuth, BiS^, separates in crystals fix)m a 
fused mixture of metallic bismuth and the tersulphide, and 
may also be obtained by fusing 10 parts of bismuth with 
3 parts of sulphur, melting the resulting mixture three times 
with fresh sulphur, and cooling quickly. Hydrochloric acid 
decomposes this compound, yielding metallic bismuth and the 
terchloride. Hence, and from the fact that its crystalline 
form is the same as that of the tersulphide, and that by 
fusing the tersulphide with metallic bismuth, in certain pro- 
portions, crystals may be obtained of the same form but 
containing less sulphur, Schneider concludes that the sup- 
posed bisulphide is merdy a mixtiure of the tersulphide with 
metallic bismuth. 

Tersulphide of bismuth, BiSj, occurs native as bismuth- 
glance, and may be formed artificially by fusing bismuth with 
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sulphur^ and bj decomposing bismuthosalts mth hydroeal-i 
pliuric acid. The native variety forms right rhombic prisms, 
isomorphous with sulphide of antimony : its odour is light 
lead-grey ; specific gravity from 6*4 to 6*5. Tersulphide of 
bismuth is decomposed by heat ; the native sulphids, heated 
in a tube^ yields sublimed sulphur ; and the artificial sulphide, 
when fused and left to cool, yields globules of metallic bismuth 
as it solidifies. 

Selenide qf bismuth, BiSe,, is obtained by melting together 
1 eq. of bismuth and 3 eq. of selenium, and remelting the 
product with firesh selenium out of contact with the air. On a 
recently fractured surface, it exhibits a steel-grey colour, me- 
tallic lustre, and a distinct crystalline laminated texture. Its 
density is 6*82; hardness equal to that of galena : it may be 
readily pulverised. It is scarcely attacked by hydrochloric 
acid, but nitric acid and aqua regia decompose it readily 
(Schneider). 

Bichloride of bismuth, BiCl^, is formed by the action of 
dry hydrogen on the terchloride of bismuth and ammonium, 
2NH^Cl.BiCl3, at about 570°, or by heating 1 part of pul- 
verised bismuth with 2 parts of subchloride of mercury in a 
sealed tube, at about 460°, and purifying the product by 
repeated fusion in sealed tubes. It is a black hygroscopic 
mass, which, by heating in the air, and by the action of acids, 
is resolved into metallic bismuth and the terchloride. 

Terchloride of bismuth, BiClg. — Pulverised bismuth thrown 
into chlorine gas takes fire and bums with a pale blue light, 
forming the terchloride. This compound may also be ob- 
tained by heating I part of bismuth with 2 parts of proto* 
chloride of mercury, or by evaporating to dryness the solution 
of teroxide of bismuth in hydrochloric acid, and distilling the 
residue out of contact with the air. It is a white opaque 
solid, with a slight tinge of brown or grey, and a granular firac- 
ture ; melts very readily, forming an oily liquid. The hydrated 
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tercJdoride is obtained in crystals by dissolving the teroxide in 
hydrochloric acid^ and evaporating. The anhydrous chloride^ 
the crystals, and the solution are decomposed by water, yield- 
ing oxychloride of bismuth, BiClg . 2Bi03, in the form of an 
insoluble white powder, commonly known as pearUwhiie, — 
and hydrochloric acid holding a small quantity of bismuth 
in solution. A sulphochloride, of analogous composition, 
BiClj . 2BiS3, is obtained by heating chloride of bismuth and 
ammonium with salphur or tersulphide of bismuth, or by 
passing hydrosulphuric acid gas over the same compound, 
heated to a temperature between 485^ and 572°, and after- 
wards heating the product to its melting point in the same 
gas:— 

3BiCl3 + 6HS = BiClg . 2BiS3 + 6HC1. 

The product of either of these operations, after being washed, 
first with water containing so much hydrochloric acid as not 
to give a precipitate with the terchloride, then with water 
slightly acidulated, and lastly with pure water, ^orms small, 
dark grey, crystalline needles, which, when heated in the air, 
give off, first, chloride of bismuth, then sulphurous acid, 
and leave a mixture of oxychloride and basic sulphate of 
bismuth (Schneider). A seleniochloride, BiClg . 2BiSej, is 
obtained by adding terselenide of bismuth to fused chloride 
of bismuth and ammonium. It forms small needle-shaped 
crystals, having a dark steel-grey colour and metallic lustre 
(Schneider). 

Terchloride of bismuth and ammonium, — A solution of 
1 eq. of terchloride of bismuth and 2 eq. of sal-ammoniac, 
yields, by evaporation, double six-sided pyramids containing 
2NH4CI . BiClg, isomorphous with the corresponding ter- 
chloride of antimony and ammonium (Jacquelain). A solution 
of 1 eq. terchloride of bismuth and 6 eq. sal-ammoniac yields 
rhombic crystals, containing SNH^Cl.BiCla (Arppe). 
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Bismuth dissolves in a boiling solution of protochloride of 
copper^ the liquid being decolorised^ and appearing to con- 
tain the compound^ SCu^Cl.BiClg. Bismuth dissolves in a 
similar manner in other cupric salts (Schneider). 

Teriodide of bismuth, Bilg. — Obtained as a crystalline 
sublimate by heating 1 eq. (32 parts) of tersulphide of bis- 
muth with 3 eq. (475 parts) of iodine. Large^ thin^ crystal- 
line laminae^ having the form of regular six-sided prisms, 
of a blackish grey colour with a tinge of brown and a 
strong lustre. The compound, heated in the air, volatilises 
for the most part, leaving a small quantity of basic oxide of 
bismuth of a red-brown colour. Boiling water converts it 
into the same compoimd. Aqueous potash decomposes it, 
forming iodate of bismuth, BiOj . 3IO3 : the same change is 
more slowly produced by alkaline carbonates. Alkaline sul- 
phides decompose it, forming tersulphide of bismuth. Hydro- 
chloric acid dissolves it without decomposition j nitric acid, 
with separation of iodine. 

Sulphates of bismuth. — When bismuth is heated with 
strong sulphuric acid, sulphurous acid is evolved, and the 
metal is converted into a white insoluble powder, consisting 
of terstUphate of bismuth, BiOg . 3SO3, which is decomposed 
by water, yielding a very acid salt which dissolves, and a 
monobasic sulphate, BiOg . SO3 -h HO, which remains. There 
is also a bisulphate of bismuth, which is obtained in small 
delicate needles when an acid solution of nitrate of bismuth 
is mixed with sulphuric acid (Heintz). 

Carbonate of bismuth, BiOg . CO^, is obtained by adding 
nitrate of bismuth to the solution of an alkaline carbonate : 
this salt is used in medicine. 

Nitrates of bismuth. — The neutral or temitrate, 
BiOj. 3NO5+ lOHO, is obtained by dissolving bismuth in hot 
nitric acid, evaporating the solution, and leaving it to cool. 
The salt then separates in transparent oblique prisms of six 
or eight sides, and terminated with several faces. At 212^ 
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they separate into a solid and a liquid portion, the latter 
solidifying as it cools. At 802^^ they are reduced to the 
motionitrate, Bi03.N05 + HO; ivhich, when further heated 
to 500% gives up all its acid and water, and leaves oxide ct 
bismuth. 

Subniirates of bismtUh. — a. Temitrate of bismuth dissolves 
without decomposition in a snail quantity of water, especially 
if a few drops of nitric acid are added. But a laifper quan- 
tity of water decomposes it, forming a white precipitate of a 
subsalt, commonly called magutery of bismuth. This sub- 
stance is generally regarded as a mononitrate containing 
one atom of water, BiOg . NO5 + HO ; but, according to 
Becker *, the basic nitrate obtained directly by treating the 
temitrate with cold water, consists of BiOg . NO5+2 HO* 
This precipitate, when recently formed, dissolves somewhat 
freely in water, especially if the water contains nitric acid. 
Hence, if, after the precipitation of the basic salt, the super- 
natant liqidd be mixed with a large quantity oi water, the 
precipitate is completely redissolved; but after a while, a 
basic salt separates, containing 5Bi03.4N05-h9Aq; this, 
according to Becker, is the true magistery of bismuth, 
inasmuch as, in the usual mode of preparing that sub- 
stance, the same change takes place in washing the precipitate. 
Boiling water decomposes this salt, extracting all the nitric 
acid, excepting about 1 per cent. — b, A salt containing 
5Bi03.4N05 + 12HO, is obtained by evaporating a solution 
of the temitrate at a strong heat. When the precipitate first 
obtained by the action of cold water on a solution of the t^- 
nitrate is heated in contact with a free add, or when the same 
acid solution is poured into hot water, a white, very loose 
powder is precipitated, containing GBiO, . 5NO5 + OHO. This 
salt is decomposed by water more readily than the preceding. 
If it be washed with water as long as the filtrate continues to 

* Archi?. Pharm. Iv. 31. and 129. 
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exhibit a strong acid reaction^ a crystalline residue is left on 
the filter, containing 4Bi03 . 3NO5 . 9Aq. Duflos obtained a 
magistery of bismuth having the same composition, by treat- 
ing the crystals of the neutral nitrate with 24 times their 
weight of water. Lastly, if the mononitrate, completely freed 
from the adhering add liquid, be treated with water likewise 
free from acid, it dissolves completely ; but the liquid after a 
while becomes milky, and afi;er long standing deposits a 
white amorphous powder, containing DBiO, . SNOq + 8H0. 
This salt may be formed, in addition to the true magistery of 
bismuth, if, in the preparation of that substance, too large a 
quantity of water be used, and the greater part of the acid 
liquid removed (Becker.) Magistery of bismuth is used as 
a cosmetic, but has the serious disadvantage of being black- 
ened by hydroBulphuric acid. 

Bichromate qf bismuth, BiOg • 2Cr03. — When a solution 
of temitrate of bismuth, containing as little free acid as 
possible, is poured into a moderately concentrated solution of 
bichromate of potash, bichromate of bismuth is obtained in 
the form of a yellow flocculent precipitate, which becomes 
dense and crystalline after a while, or immediately if heated. 
It may be dried without decomposition between 212^ and 
257^, but becomes blackish-green at a red heat. It contains 
69*48 per cent, of teroxide of bismuth (J. Lowe.) 

The alloys of bismuth are remarkable (or their fusibility. 
The amalgam of this metal is liquid. An alloy of 8 parts 
bifimuth, 6 lead, and 3 tin, melts at 202^ ; another mixture of 
2 bismuth^ 1 lead, and 1 tin, at 200*75^ : these mixtures are 
known by the name of fusible metal. Bismuth is also added 
to the alloy of tin and lead used for casting stereotype plates. 
Besides increased fusibility, bismuth communicates to this 
alloy the property of expanding on becoming solid, by which 
it is rendered capable of taking an accurate impression. 
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ESTIMATION OF BISMUTH^ AND METHODS OF SEPARATING IT 

FROM THE PRECEDING METALS. 

The best reagent for precipitating bismuth from its eola- 
tions is carbonate of ammonia; which^ when added in excess, 
throws down the bismuth completely : the liquid must, how* 
ever, be left to stand for some hours in a warm place, other- 
wise a considerable quantity of the bismuth will remain in 
solution. The precipitate, after being washed and dried, 
must be separated from the filter as completely as possible, 
the filter separately burned, and the precipitate ignited in a 
porcelain crucible : a platinum crucible would be attacked by 
it : after ignition, it consists of teroxide of bismuth contain- 
ing 89'66 per cent, of the metal. 

If the solution contains hydrochloric acid, the bismuth 
cannot be estimated by precipitation with carbonate of am- 
monia, or any other alkali, because the precipitate so pro- 
duced would contain oxychloride of bismuth (p. 255). In 
this case, therefore, the bismuth must be precipitated by 
hydrosulphuric acid; the sulphide of bismuth oxidised and 
dissolved by nitric acid ; and the diluted solution treated with 
carbonate of ammonia, as above. 

Bismuth is separated from the alkalies and earths, and 
from iron, cobalt, nickel, zinc, and chromium, by hydrosul- 
phuric acid ; from tin, arsenic, and antimony, by sulphide of 
ammonium; from lead, by sulphuric acid; and from copper 
and cadmium by ammonia. The separation of bismuth from 
cadmium may also be effected by cyanide of potassium, 
which dissolves the latter as cyanide of cadmium and potas- 
sium, and precipitates the bismuth. The precipitated bis- 
muth, however, always contains potaah, and must therefore 
be dissolved in nitric acid and precipitated by carbonate of 
ammonia. These two metals may also be separated by 
means of bichromate of potash, which throws down the bis- 
muth as Bi03 . 2 Cr03, and retains the cadmium in solution. 
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ORDER VII. 

3£ETALS NOT INCLITDED IN THE FOEEGOINa CLASSES, 
WHOSE OXIDES AEE NOT REDUCED BY HEAT ALONE. 



SECTION I. 

! URANIUM. 

Eq. 60, or 750; U. 

This metal is obtained firom pitchblende, a mineral con- 
taining from 40 to 95 per cent, of nranoso-uranic oxide^ 
U3O4, associated with sulphur^ arsenic^ lead, iron, and several 
other metals. The mineral is finely pounded ; freed by elu- 
triation fi^m the finer earthy imparities ; roasted for a short 
time, to remove part of the sulphur and arsenic ; then dissolved 
in nitric acid, and the solution evaporated to dryness. The 
residue is exhausted with water ; the solution filtered from the 
brick-red residue of ferric oxide, ferric arseniate, and lead- 
sulphate ; the greenish yellow filtrate slightly concentrated by 
evaporation, and left to cool, whereupon it deposits crystals ; 
and the resulting radiated mass of crystallised uranic nitrate 
drained on a funnel, and then washed with a small quantity 
of cold water. As the water dissolves a portion of the crystals, 
it is used in a subsequent operation to redissolve the residue 
obtained by evaporating the solution of pitchblende in nitric 
acid. The uranic nitrate, after being dried in the air, is 
introduced into a wide-mouthed bottle containing ether, in 
which it immediately dissolves ; the yellow solution is left to 
evaporate in the air ; and the resulting crystals are purified 
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by solution in hot water and recrystallisation. The mixed 
mother-liquids^ after dilution with water, are treated with 
hydrosulphuric acid to precipitate arsenic^ lead, and copper^ 
and the filtrate is freed firom oxide of iron by evaporating to 
dryness and digesting the residue in water. The solution 
thus obtained yields a fresh crop of crystals of uranic nitrate. 
This salt is converted by ignition into uranoso-uranic oxide, 
U3O4, and from this the protoxide is obtained by ignition 
with reducing agents (P^got). 

Metallic uranium is obtained by decomposing the proto* 
chloride with potassium or sodium. If the mixture be heated 
in a platinum crucible over a spirit-lamp, and the soluble 
alkaline chloride washed out by water, the uranium is ob- 
tained in the form of a black powder, or sometimes aggre- 
gated on the sides of the crucible in small plates, having a 
silvery lustre and a certain degree of malleability. But, by 
introducing into a porcelain crucible, first, a layer of sodium^ 
then chloride of potassium, and then a mixture of chloride 
of potassium and protochloride of uranium (the use of the 
chloride of potassium being to moderate the action, which is 
otherwise very violent), placing the porcelain crucible within 
a closed earthen crucible lined with charcoal, and heating 
it, first moderately, till the reduction takes place, and then 
strongly in a blast-furnace for 15 or 20 minutes, the metaj 
is obtained in fused globules (PSigot). 

Uranium, in its compact state, is somewhat malleable and 
har4, but is scratched by steel. Its specific gravity is 18*4 ; 
its colour is like that of nickel or iron. When exposed to 
the air, it soon tarnishes and assumes a yellowish colo^r. At 
a red heat it oxidises with vivid incandescence, and becomes 
covered with a bulky layer of black oxide, which protects the 
interior from oxidation. In the pulverulent state, it takes 
fire at about 402^, burning with great splendour, and forming 
a dark-green oxide. It is permanent in the air at ordi- 
nary temperatures, and does not decompose cold water. 
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It dissolves with evolution of hydrogen in -dilute acids^ 
forming green solutions. It combines directly with chlorine^ 
giving out great light and heat^ and forming a green vola- 
tile chloride. It unites directly with sulphur at a slightly 
elevated temperature (P^ligot). 

Uranium forms four compounds with oxygen, viz., the 
protoxide, TJO ; the sesquioaAde, U^Og ; and two intermediate 
oxides, U4O5, and, U3O4, which may be regarded as com- 
pounds of the other two, viz., 2tJO.U203and XJO.U2O3. 

Protoxide of uranium ; Uranoui oxide, UO, 68, or 850. — 
This oxide is obtained by exposing uranoso-uranic oxide, mixed 
with charcoal powder, bullock^s blood, or oil, to the strongest 
heat of a blast-furnace ; by heating the same oxide to redness 
in a current of dry hydrogen ; by igniting uranic oxalate out 
of contact of air, or better, in a current of hydrogen; or by 
igniting the chloride of uranyl and potassium (p. 257)^ either 
alone or in a current of hydrogen. Protoxide of uranium 
has sometimes the form of an earthy powder of a grey or 
brown colour; sometimes of crystalline scales having the me- 
tallic lustre. It was for a long time regarded as metallic 
uranium,* till Peligotf pointed out its true nature, and ob- 
tained the real metal in the manner above mentioned. 

Uranous oxide, afiber ignition, is insoluble in boiling dilute 
hydrochloric or sulphuric acid, but dissolves in strong sul- 
phuric acid. The hydrated oxide dissolves readily in acids. 
Solutions of uranous salts are green, and, when treated with 
alkalies or alkaline carbonates, or with carbonate of lime, 
yield a reddish-brown gelatinous hydrate of uranous oxide, 
which dissolves in alkaline carbonates, especially in carbonate 
of ammonia, forming a green solution. Alkaline hydrosul- 
phates yield a black precipitate of uranous sulphide. Uranous 
salts are converted into uranic salts by exposure to the air, by 



* See the first edition of this work, page 648. 
t Ann. Clu Phys . [8.]i T. 6. ; and xii 258. 
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the action of nitric acid, and by gold and silver salts; the 
Ifcction in the last case being accompanied by precipitation of 
metallic gold or silver. 

Protochloride of uranium ; Uranous chloride, UCl, is ob« 
tained by burning uranium in chlorine gas, or by passing 
that gas over an intimate mixture of charcoal and either of 
the oxides of uranium, strongly heated in a tube of very 
refractory glass. It crystallises in dark-green regular octohe* 
drons, which have a metallic lustre, and, when heated to red« 
ness, volatilise in red vapours and form a sublimate. It fumes 
strongly on exposure to the air, and dissolves very readily in 
water, forming a green solution. 

Uranoua sulphate, UO.SO3, is found native as tiraiitafiTi- 
vitriol, and may be formed artificially by dissolving uranoso^ 
uranic oxide in boiling oil of vitriol; or hydrated uranous 
oxide in dilute sulphuric acid ; or by decomposing a oon* 
centrated solution of uranous chloride with sulphuric acid« 
Crystallises with two and with four atoms of water. A bibaric 
uranous sulphate is obtained by treating the normal salt with 
a large quantity of water ; by exposing the alcoholic solution 
of that salt to the sun's rays ; by carefiil addition of ammonia 
to its aqueous solution ; and by boiling that solution with 
green uranoso-uranic oxide. It forms a light-green powder 
having a silky lustre. 

Uranoso^uranic oxide, U3O4, or UO.U^O,. — This oxide 
forms the principal constituent of pitchblende. It is obtained 
artificially by burning the metal or the protoxide in the air; 
by heating the protoxide to redness in an atmosphere of 
aqueous vapour; and by gentle ignition of uranic oxide or 
uranic nitrate. It is a dark-green powder which dissolves in 
acids, forming green solutions, exhibiting characters inter- 
mediate between those of uranous and uranic salts, and 
probably consisting of mere mixtures of the two. 

Another intermediate oxide, U4O5, or 2UO.U2O3, is said 
to be formed by strongly igniting the last oxide or the sesqui- 
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Oxide. It is blacky and dissolves in adds^ like the last; but 
it is probably a mere mixture of U3O4 with the protoxide. 

Sesquioxide of uranium ; Uranic oxide, U^Og ; 144, or 1800. 
— Uranium and its lower oxides dissolve in nitric acid, with 
evolution of nitric oxide and formation of uranic nitrate. 
When a solution of this salt in absolute alcohol is evaporated 
at a gentle, heat, till nitrous ether b^ins to escape, an orange- 
yellow spongy mass is obtained, consisting of hydrated uranic 
oxide mixed with undecomposed nitrate : the nitrate may be 
dissolved out by water, and the hydrated oxide then remains, 
exhibiting a lemon-yellow or orange-yellow colour. This 
hydrate is permanent in the air, and does not absorb carbonic 
add. At 572^, it yields anhydrous uranic oxide, which is 
also yellow ; and at a low red heat, it is converted into green 
uranoso-uranic oxide. 

The uranic salts are obtained by oxidising uranous or 
uranoso-uranic salts with nitric acid, or by exposing them to 
the air. Most of them contain one equivalent of uranic oxide 
combined with one equivalent of an aqid. Now, as this is con- 
trary to the usual analogy of the normal salts of sesquioxides, 
most of which contain three equivalents of acid to one equiva- 
lent of base, e. y., ferric sulphate = Fe^Og . SSOg ; sulphate of 
aluminas AI2O3 . 8SO3, — Peligot is of opinion that the base of 
these salts is not really a sesquioxide, but the protoxide of a 
compound radical uranyl, U^O^, made up of the elements of 
2 equivalents of uranous oxide : U^Ogs (U^O^) O. To abbre^ 
viate the formulae, we shall denote the compound radical, uranyl, 
by the symbol U'; we have then for the formula of uranic 
sulphate : Vjd^ . SO3 = {\5Jd^ O . SO3 = U'O . SO3 . 

Uranic salts are yellow; they are mostly soluble in water, 
and, in solution, have a very rough taste, without any metallic 
after-taste. They are reduced to uranous salts by hydrosul^ 
pkuric acid ; also by alcohol or ether, in sunshine. Caustic 
alkalies added to uranic solutions throw down a yellow pred- 
pitate, consisting of a uranate of the alkali, which is insoluble 
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in excess of the reagent. Alka&ne carbonates produce a 
yellow precipitate^ consisting of a carbonate of nranie oxide 
and the alkali^ soluble in excess^ especially in bicarbonate 
of potash or sesquicarbonate of ammonia. Potash added to 
these solutions throws down all the uranic oxide. Fxom the 
solution in carbonate of ammonia, the nranie oxide is like- 
wise precipitated by boiling. Carbonate of baryta precipitates 
uranic oxide completely from its sedations at ordinary tem- 
peratures. Phosphate of soda, added to uranic salts not 
containing too much free acid, produces a white precipitate 
of uranic pho^hate, haying a slight tinge of yellow. Su^Mde 
of ammonium produces a black precipitate of uranic sulphide^ 
which remains for a long time suspended in the liquid. Ify- 
drosulphuric acid produces no precipitate. Ferrocyamde of 
potassium produces a dark red-brown precipitate; ferricy^ 
amde of potassium, none. Metallic zinc does not precipitate 
uranium in the metallic state from uranic solutions, but, after 
a long time, produces a yellow precipitate of uranic oxide. 

Uranic oxide and its salts, fused with phosphorus-saU in 
the outer blowpipe flame, produpe a dear yellow glass which 
becomes greenish on cooling. In the inner flame, the glass 
assumes a green colour, becoming still greener when cold. 
Similar colours with borax. The oxides of uranium are not 
reduced to the metallic state by fusion with carbonate of soda 
on charcoal. Uranic oxide is used for imparting a delicate 
yellow tint to glass ; the glass thus coloured is called canary 
glass. 

Chloride of uranyl, Vfi^Cl^lS'Cl.—Wliea dry chlorine 
gas is passed over uranous oxide at a red heat, the tube be- 
comes filled with an orange-yellow yapour of this conqtound, 
which solidifies in a yellow crystalline mass, easily fosiUe^ 
but not very volatile. Dissolved in water, it forms hydrated 
chloride of uranyl, or hydrochlorate of uranic oxide : 

UaOaCl + HO = VjO^ . HCl. 
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Chhride of uranyt and potasHum, KGl . U CI + 2Aq.^ is 
foUned by eraporating an aqueous mixture of uranic elloride 
and chloride of potassium; Sj heating the hydxated crystals 
to 212^^ the anhydrous compound is obtained. 

Urarnc eulpMte; sulphate of utanyl, — The monosulphate 
V'O.S03+8Aq. is obtained by dissolving uranoso-uranic 
oxide in strong sulphuric acid^ dilutilig the soltition with 
water^ and oxidising urith nitric add; also by decomposing a 
solutioii of uranic nitrate with sulphuric add, expelling the 
excess of acid by heat, dissolving the residue in water, evapo- 
rating the solution to a syrup, and leaving if to crystallise. 
Forms small lemon-yellow prisms. According to BerzeUus, 
a bisulphate and a terrndphate are obtained by dissolving the 
monosnlphate in sulphuric add; but P6ligot denies their 
existence. A basic sulphate is found native in the form of a 
yellow powder. The monosulphate forms, with sulphate of 
potash, a ciystalline double salt, whose formula is : 

KO.S03+Ua03.S03+2HO = J,|2S04 + 2HO. 

Uranic fdtrate ; nitrate of vranyl ; U203.N05=U'O.N05, 
is formed by treating the metal or either of its oxides with 
mtrio add. It crystallises in lemon-yellow prisms. The 
solution of this salt possesses the power of lowering the re- 
firangibility of rays of light which fall upon it, producing the 
peculiar phenomenon called fluorescence. This property is 
likewise exhibited by other compounds of uranium, espedaQy 
by ednary-fflass. A btmc nitrate is formed by gently igniting 
the normal salt. 

Uranic phosphates ; phosphates of uranyl. — ^Three of these 
salts are known, all containing 3 atoms of base to 1 atom of 
add. When uranic oxide is digested in a small quantity of 
aqueous phosphoric add, a yellow saline mass is produced, 
part of whidi dissolves in boiling water, leaving a light yellow 
powder, which is the neutral phosphate (2U'0 . HO) . POg. 
The aqueous solution concentrated by heat, and then left 

T 4 
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to evaporate in vacuo over oil of vitriol^ deposits a lemnn- 
yellow crystaUine salt, consisting of the acid phosphate 
(U'0 . 2H0) . PO5. The basic pfMsphate has not been ob- 
tained in the separate state; but when uranic nitrate is 
mixed with a moderate excess of basic phosphate of soda 
(3NaO . POg), a dark yellow precipitate is formed containing 
(NaO . 2U'0) . POj* + 3U'0 . PO5 (Wertheim).* When 
uranic acetate is added to a solution of any soluble phosphate 
containing an abundance of ammonia and free acetic add, a 
yellow precipitate is formed consisting oi ammomo-uramc 
phosphate, 2U'O.NH40.P05, which, when ignited, leaves 
uranic pyrophosphate, 2U'0 . PO5. This reaction affords a 
ready and exact method of estimating phosphoric acid. The 
insoluble phosphates, even those of alumina and sesquioxide 
of iron, are also decomposed by boiling with uranic acetate 
in presence of a large excess of acetate of ammonia and 
free acetic add, the bases dissolving, while the phosphoric 
remains undissolved in the form of the ammonio-uranic 
phosphate above described. To separate phosphoric acid 
from iron in this manner requires, however, a very large 
excess of the uranium-salt (W. Knop).t 

A neutral and an add arserdaie of uranyl, analogous in 
composition to the phosphates, have also been obtained by 
similar means. The composition of these phosphates and 
arseniates affords a strong argument in favour of the uranyl 
theory. 

Compounds of uranic owide with 6a«e«. — Uranic oxide 
combines as an add with the alkaUes, earths, and other me- 
tallic oxides, forming salts which may be called uranates. 
The uranates of the alkalies are obtained by predpitating a 
solution of uranic oxide in an add with an alkali; the 
uranates of the earths and heavy metallic oxides, by adding 
ammonia to a solution of an uranic salt mixed with one of 

• J. pr. Ghem. iliii, 821. f Ghem. Gm. 1866, 467. 
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these bases. The turanates are for the most part yellow; 
and after ignition orange-yellow. The soda-compound^ 
^aO .2U2O3+6HO9 is used for colouring glass^ and is pre- 
pared on the large scale by roasting pitchblende with lime^ 
stone in a rererberatory furnace; treating the resulting uranate 
of lime with dilute sulphuric add^ by which the uranic oxide 
is almost completely dissolved ; mixing the green solution with 
crude carbonate of soda, by which the uranium is precipitated 
together with other metab, but redissolved tolerably free from 
impurities by excess of the alkali; and treating the liquid 
with dilute sulphuric acid as long as effervescence is produced* 
The uranate of soda is then precipitated in a form well 
adapted for the manufacture of yellow glass. 

ESTIMATION OF URANIUM, AND METHODS OF SEPARATING IT 

FROM THE PRECEDING METALS. 

Uranium is completely precipitated from uranic solutions 
by ammonia. The precipitate^ which consists of hydrated 
uranic oxide containing ammonia^ must be washed with water 
containing sal-ammoniac, as it runs through the filter when 
washed with pure water. It is then dried and ignited in an 
open crucible, whereby it is converted into uranoso-uranic 
oxide, U3O4; but to obtain a perfectly definite result, and 
prevent further oxidation during cooling, it is necessary to 
put the cover on the crucible while the substance is still red- 
hot, and keep it there till the crucible is quite cold. The 
oxide thus obtained contains 8^*90 per cent, of uranium. 
An accurate result is likewise obtained by igniting the ses- 
quioxide in an atmosphere of hydrogen, whereby it is reduced 
to protoxide containing 88*24 per cent, of the metal. 

If the uranic solution contains a considerable quantity of 
an earth or a fixed alkali, the precipitate formed by ammonia 
carries down with it a certain portion of the earth or alkali; 
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to firee it firom which it must^ before ignition^ be redisaolved 
in hydrochloric add and reprecipitated by ammonia. 

From the fixed alkalies ^ uranium^ in the state of sesqni- 
oxide, is separated by ammonia, attention being paid to the 
precantion just mentioned. 

From baryta it is separated by solphnric acid ; from ttrantia 
and UiMf also by sulphuric acid with addition of alcohol. 

From magneria, manganese, cobalt, nickel, and zinc, ti^ese 
metals being in the state of protoxide, and the uranium in tiie 
state of sesquioxide, it is separated by precipitation with 
carbonate of baryta. 

From b'on it is separated by carbonate of ammonia, both 
metals being in the state of sesquioxide; the uranic oxide 
then dissolves, while the ferric oxide remains undissolved. 
Care must, however, be taken that the carbonate of ammonia 
be really monocarbonate, quite free from excess of carbonic 
acid, otherwise the iron will also be dissolved. To ensure 
this condition, the carbonate of ammonia must be previously 
boiled, 'and the solution of the oxides, if add, must be 
neutralised with ammonia till a slight permanent predpitate 
begins to form: the solution should then be diluted with 
water. The uranic oxide is separated from the filtrate either 
by boiling, or by supersaturation with hydrochloric add and 
predjutation by ammonia. 

From alumina, uranium is also separated by carbonate of 
ammonia, and with greater facility. 

From cadmium, copper, lead, tin, arsenic, aniimong, and 
bismuth, uranium is separated by hydrosulphuric add ; firom 
titanium and chromium in the same mamier as iron is sepa- 
rated firom those metals (pp. 152. 171.) ; and firom vanadium, 
tungsten, molybdenum, and teUurium, by sulphide of am- 
monium, in whidi the sulphides of the last named metals are 
soluble. 
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SECTION IL 

CERIUM. 

Eq. 47-26, or 59087. Ce. 

This metal, wMcli was discovered in 1803, simidtaneously 
by Klaproth, and by Hisinger and Berzelius, exists, together 
with lanthannm and didyminm, in cerite, allanite, orthite, 
yttro-cerite, and a few other minerals^ all of somewhat rare 
occurrence. The most abundant of them is cerite, which 
is a compound of silicic acid with the oxides of cerium, lan- 
thanum, and didyminm, together with small quantities of 
lime and oxide of iron. To extract the oxides of the three 
metals, the cerite is finely ponnded and boiled for some hours 
with strong hydrochloric acid, or aqua-regia, which dissolves 
the metallic oxides, leaving nothing but silica. The filtered 
solution is then treated with a slight excess of ammonia, 
which precipitates everything but the lime ; the precipitate is 
redissolved in hydrochloric acid, and the solution treated with 
excess of oxalic acid. A white or faintly rose-coloured preci- 
pitate is then obtained, consisting of the oxalates of cerium, 
lanthanmn^ and didymium : it is curdy at first, but in a few 
minutes becomes crystalline, and easily settles down. When 
dried and ignited, it yields a red-brown powder, containing 
the three metals in the state of oxide. The finely pounded 
cerite may also be mixed with strong sulphuric acid to the 
consistence of a thick paste, the mixture gently heated tiQ it 
is converted into a dry white powder, and this powder heated 
somewhat below redness in an earthen crucible. The three 
metals are thus brought to the state of basic sulphates, which 
dissolve completely when very gradually added to cold water; 
and the solution treated with oxalic acid yields a precipitate 
of the mixed oxalates, which may be ignited as before. 

From the red-brown mixture of the oxides of cerium, lan- 
thanum, and didymium thus obtained, a pure oxide of cerium 
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may be prepared by either of the following processes : — 1. The 
mixed oxides are heated with strong hydrochloric acid, which 
dissolves the whole, with eyolution of chlorine ; the sohition 
precipitated with excess of caustic potash ; and chlorine gas 
passed through the liquid with the precipitate suspended in 
it. The cerium is thereby brought to the state of sesqui- 
oxide, which is left undissolved in the form of a bright 
yellow precipitate, while the lanthanum and didymium re- 
main in the state of protoxides, and dissolve. To ensure 
complete separation, the passage of the chlorine must be 
continued till the liquid is completely saturated with it, and 
the solution, together with the precipitate, left for several 
hours in a stoppered bottle, and agitated now and then. The 
liquid is then filtered, the washed precipitate treated with 
strong boiling hydrochloric acid, which dissolves it with eyo- 
lution of chlorine, and forms a colourless solution of proto- 
chloride of cerium ; and this, when treated with oxalic acid 
or oxalate of ammonia, yields a perfectly white precipitate of 
oxalate of cerium, which may be converted into oxide by 
ignition (Mosander). 2. The red-brown mixture of the three 
oxides is treated with very dilute nitric acid (1 part of nitric 
acid of ordinary strength to between 50 and 100 parts of 
water), which dissolves the greater part of the oxides of lan- 
thanum and didymiimi, and leaves the oxide of cerium ; and 
by treating the residue with very strong nitric acid, the last 
traces of lanthanum and didymium may be extracted (Mo- 
sander, Marignac). 3. The red-brown mixture of the three 
oxides is boiled for several hours in a strong solution of 
chloride of ammonium. The oxides of lanthanum and didy- 
mium then dissolve, with evolution of ammonia, and eerie or 
ceroso-ceric oxide is left in a state of purity. It must be 
collected on a filter and washed with a solution of sal-am- 
moniac, because, when washed with pure water, it first runs 
through the filter, and then stops it up (Watts).* 

• Chem. Soc. Qa. J. iL 147. 
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Metallic cerium is obtained by heating the pure anhydrous 
protochloride with potassium or sodium. It is a grey powder 
which acquires the metallic lustre by pressure. It oxidises 
readily, decomposes water slowly at ordinary temperatures, 
quickly at the boiling heat, and dissolres rapidly in dilute 
acids, with evolution of hydrogen, forming a solution of a 
oerous salt. 

Protoxide of cerium ; Cerotis oxide, CeO ; 56*26 or 690*8. — 
This oxide is scarcely known in the anhydrous state. The 
sesquioxide, exposed to the strongest heat of a wind-furnace, 
in a crucible lined with charcoal, yields a residue chiefly con-< 
sisting of protoxide, but the reduction is never complete. 
The hydrated protoxide is easily obtained by precipitating 
the chloride with a caustic alkali. It dissolves readily in 
acids, forming the protosaUs of cerium or cerous salts, the 
solutions of which are distinguished by the following cha- 
racters : Caustic potash or soda produces a white precipitate 
of the hydrated protoxide, which is insoluble in excess, 
and is converted into the yellow sesquioxide by the action 
of chlorine or hypochlorous acid. Ammonia precipitates a 
basic salt. Alkaline carbonates form a white precipitate 
of cerous carbonate insoluble in excess. Oxalic acid or 
oxalate of ammonia produces a white precipitate of cerous 
oxalate, gdatinous at firat, but quickly assuming the crystal, 
line character, and converted by ignition in an open vessel 
into a salmon-coloured powder, consisting of sesquioxide of 
ceriimi mixed with protoxide. Hydrosulphuric acid produces 
no precipitate. SulpJade of ammonium throws down the 
hydrated protoxide. Ferrocyanide of potassium produces a 
white pulverulent precipitate ; fen:icyanide of potassium, none. 
Sulphate of potash produces a white crystalline precipitate of 
potassio-cerous sulphate, nearly insoluble in pure water, and 
quite insoluble in excess of sulphate of potash. With dilute 
solutions the precipitate takes some time to form. This cha* 
racter, together with the behaviour of the oxalate, and the 
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yellow coloration of the hydrated protoxide by cUoriney serFes 
to distinguish cerium firom all other metals. Cerous salts 
in solution have a sweet astringent taste, and redden litmus, 
even when the add is perfectly saturated. All compounds of 
cerium, ignited with borax or photphontM-MaU in the outer 
blowpipe«flame, yield a glass which is deep red while hot, but 
becomes colourless on cooling. In the inner flame a colour- 
less bead is formed, but when ignited with excess of oxide of 
ceriimi, it forms a yellow enamel. 

Sesqmomde of cerium; Ceric oxide, Ce^O,. — It is doubtful 
whether this oxide has been obtained in the separate state. 
The hydrated protoxide, the nitrate, and the oxalate, yield, 
when ignited in the acid, a salmon-coloured powder, which 
is generally regarded as ceric oxide; but, according to 
Marignac, it is a mixture or compound of the sesquioxide 
and protoxide of cerium, not quite constant in composition, but 
containing on the average 82*15 percent of metal, and there- 
fore neaiiy agreeing with the formula Ce^O^ or SCe0.2Ce203. 
When mixed with oxide of didymium, its colour is red- 
brown. This oxide is nearly insoluMe in strong nitric and 
hydrochloric adds, even at the boiling heat, but strong 
boiling sulphuric acid dissolves it. Hydrochloric add, with 
the aid of reducing agents, such as alcohol, dissolves it slowly 
at the boiling heat, forming a solution of cerous chloride. If 
mixed with the oxide of lanthanum or didymium, it dissolves 
readily in strong boiling hydrochloric add, with evolutbn of 
chlorine. The solution of this oxide in strong sulphuric add 
has a bright yellow colour, and deposits yellow prismatic crys- 
tals, which, according to Marignac, consist of a cerow-cerie^ 
sulphate, containing Ce^O^ . 4SO3 + T'HO. Potash, added to 
the solution of this salt, throws down a ydlow hydrate, which 
dissolves readily in acids. The solutions are yellow, and, 
when boiled with hydrochl(»ric add, are converted into cerous 
salts. 

Protasulphide of cerium, CeS, is obtained by igniting the 
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carbonate in vapour of bisulphide of carbon^ or by beating 
an oxide of cerium with sulphide of potassium. The first 
process yields a light powder of the colour of red lead ; the 
second^ a product resembling mosaic gold. The sesqniaulphide 
of cerium is not known in the free state^ but exists in certain 
sulphur-salts. 

Protochhride of cerium, CeCl. — Cerium bums vividly 
when heated in chlorine gas^ and forms this compound. The 
anhydrous chloride may be prepared by igniting the sulphide^ 
or the residue obtained by evaporating to dryness a solution 
of the chloride mixed with sal*ammoniap, in a current of 
chlorine gas. If the air is not completely excluded^ an 
oxyohloride is also produced. The anhydrous chloride is a 
white porous mass^ frisible at a red heat^ and perfectly soluble 
in water. A kydrated chloride is obtained in colourless four- 
sided prisms, by dissolving the hydrated oxido or the car- 
bonate in hydrochloric add, and evaporating to a syrup. 
The solution, when exposed to the air, turns yellow, from 
formation of a eerie salt. 

Sesqmchloride of cerium. — The hydrated sesquioxide dis- 
solves in cold hydrochloric acid, forming a red solution, which, 
however, soon gives off chlorine, and is reduced, more or less 
completely, to protochloride. 

Proiofiuoride of cerium is formed by precipitating the pro- 
tochloride with an alkaline ftuoride. The se^quifluoride occurs 
native in six-sided prisms, mised with half its weight of 
protoftnoride; also with the fluorides of yttrium and ealcium, 
in yttroeeriie. An oxyfluoride of cerium, Ce^PgOj+SHO, is 
also found native. 

Ceroui carbonate, CeO . CO^-f 3H0, is formed by exposing 
the hydrated protoidde to the air, or by precipitation. 

Cerou9 oxalate, C4Ce<20g, is precipitated from oerous salts 
by oxaKe acid or oxalate of ammonia added in excess, even 
when the solution contains a considerable quantity of free nitric 
or hydrochloric acid. It is at first curdy, but soon becomes 
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very dense and crystalline. When ignited witli free access of 
air, it yields ceroeo-ceric oxide* 

Ceroua sulphate, CeO . SO3. — The anhydrous salt is a white 
powder^ which, when sprinkled with a small quantity of water, 
becomes very hot, and condenses into a solid mass, very diffi- 
cult to dissolve. It forms two crystalline hydrates, vie., 
2 (CeO . SO3) -f 8H0 and (CeO . SO3) + 3H0. The anhydrous 
salt, heated in a close vessel, leaves a basic cerous sulphate ; 
but, with free contact of air, it leaves a basic eerie or ceroso- 
eerie sulphate. Cerous sulphate forms with sulphate of potash 
a crystalline double salt, containing CeO . SO3+XO.SO3, 
which is nearly insoluble in water. 

Cerous phosphate. — Obtained by precipitating a cerous salt 
with phosphate of soda. It also occurs native (associated 
with the phosphates of lanthanum and didymium), in several 
forms. In Monazite and Edwardsite, it occurs in oblique 
rhombic prisms ; in the former it is associated with thorinii, 
and small quantities of lime, manganese, and tin; in the 
latter, with alumina, zirconia, and silica. CryptoUte is a 
tribasic phosphate of cerium, occurring in the rose-coloured 
apatite of Arendal in Norway, and is separated by dissolv- 
ing the apatite in nitric acid. It then remains in the 
form of a crystalline powder, appearing under the micro- 
scope to consist of hexagonal prisms. Sp. gr. 4*6 (Wohler).* 
Phosphocerite is a mineral similar in composition to cryp- 
foUte. It was discovered by Mr. O. Sims in the cobalt-ore 
of Johannisberg in Sweden, of which it forms about one- 
thousandth part. It remains as a residual product when the 
ore after calcination is treated with hydrochloric acid for the 
purpose of extracting the cobalt. It is a greyish yellow 
crystalline powder, mixed with a small quantity of minute 
dark purple crystals, which are strongly attracted by the 
magnet, and consist chiefly of magnetic oxide of iron. The 
crystals of phosphocerite, when examined by the microscope, 

• Ann. Ch. FhAnn. Mi. 268. 
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exhibit two forms^ one an octohedron^ the other^ a four-sided 

• 

prism with quadrilateral summits^ both forms apparently 
belonging to the right prismatic system. Sp. gr. 4' 78. The 
mineral contains 64*68 per cent, protoxide of cerium, &c., 
28-46 phosphoric acid, 2*83 oxide of iron, and 3-41 oxide of 
cobalt, silica, &;c. It is very rich in didymium. Strong 
sulphuric acid, aided by gentle heat, decomposes it, forming 
a pasty mass, which dissolves in cold water with the exception 
of a small quantity of silica (Watts).* 



ESTIMATION OF CERIUM, AND METHODS OF SEPARATING IT 

FROM THE PRECEDING METALS. 

Cerium is precipitated from neutral solutions of cerous 
salts by potash, as cerous hydrate; or by oxalate of am- 
monia, as cerous oxalate ; and either of these compounds is 
converted by ignition in an open vessel into ceroso-ceric 
oxide. This oxide, as already observed, is not perfectly de- 
finite in constitution; it may be stated approximately to 
contain 96*5 per cent, of cerous oxide, or 82'5 per cent, of 
the metal, and this estimate may be adopted where great 
accuracy is not required. A more exact method, however, is 
to dissolve the hydrate precipitated by potash in dilute sul- 
phuric acid, then evaporate, and heat the residue to com- 
mencing redness, whereby it is converted into the anhydrous 
sulphate CeO . SO3, containing 57*6 per cent, of the protoxide 
of cerium, or 49*6 per cent, of the metal. 

Hydrosulphuric acid serves to separate cerium firom all 
metals which are precipitated by that reagent from their acid 
solutions. 

From manganese, iron, cobalt, nickel, zinc, titanium, 
chromium, vanadium, and tungsten, cerium may be separated 
by means of a saturated solution of sulphate of potash. 

• Chem. Soc. Qu. J., ii. 131. 
VOL. II. U 
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From alumina it may be separated by carbanate of baryta, 
which precipitates alumina and not cerous oxide ; firom gtudna 
by sulphate of potash. 

From yttria, with which it is often associated in minerala, 
it is separated by a saturated solution of sulphate of potaah 
added in excess^ the sulphate of yttria and potash being 
soluble in excess of sulphate of potash^ while the cerous double 
salt remains undissolved. 

From zirconia, cerium is separated by treating the boiling 
acid solution with sulphate of potash^ whereby the greater 
part of the zirconia is precipitated as basic sulphate, while 
the cerium remains dissolved ; to complete the precipitation, 
a small quantity of ammonia must be added, but not sufficient 
to saturate the acid (H. Rose). 

From magnesia also ceritun may be separated by sulphate 
of potash ; from baryta, strontia, and lime, it is separated 
by ammonia added in slight excess ; or from baryta by 
sulphuric acid, and from strontia and lime by sulphuric acid 
and alcohol ; and from the fixed alkalies by precipitation with 
oxalate of ammonia. 



SECTION VI. 

LANTHANUM. 

Eg. 47, or 588; La. 

The red-brown oxide obtained from cerite by the methods 
already described (p. 261), and originally regarded as the 
oxide of a single metal, cerium, was shown by Mosander *, in 
1839, to contain the oxide of another metal, to which he 
gave the name lanthanum. Subsequently, in 1841 f, Mosan- 
der discovered that even this supposed simple oxide contained 
two distinct metals, for one of which the name of lanthanum 

• Pogg. Ann. xlri. 648 j xItu. 207. f Ibid. Wi. 50i. 
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was retainedj while the other was called didymium. These 
two metals appear to be constantly associated with cerium^ 
thongh not always in the same proportion. 

The separation of lanthanum and didymium from cerium 
may be effected by either of the methods already described 
(p. 262} ; the second and third are easier and more expe- 
ditious than the first. If the solution obtained by treating 
the crude red-brown oxide with dilute nitric acid be evapo* 
rated to dryness^ and the residue treated with nitric add 
diluted with at least 200 parts of water^ a solution will be 
obtained quite free &om cerium (Marignac). Boiling the 
red-brown oxide with chloride of ammonium also yields a solu- 
tion of lanthanum and didymium free from cerium. In both 
cases^ however^ it is best to test a portion of the solution for 
cerium by precipitating with excess of caustic potash^ and 
passing chlorine through the solution. The presence of 
cerium, even in very small quantity^ wiU be indicated by the 
formation of a yellow precipitate^ after the liquid, supersatu- 
rated with chlorine, has been left in a close vessel for several 
hours. 

A solution free from cerium having been obtained, the 
separation of the lanthanum and didymium is effected by the 
different solubilities of their sulphates. To convert them into 
sulphates, the solution is treated with excess of a caustic alkali, 
and the washed precipitate dissolved in dilute sulphuric acid. 
The mode of proceeding varies according as the lanthanum or 
the didymium is in excess. 

1* When the lanthanum is in excess, in which case the 
solution has but a faint amethyst tinge, the liquid is evapo- 
rated to dryness, and the residue heated in a platinum-idish 
to a temperature just below redness, to drive off the excess of 
acid, and render the sulphates perfectly anhydrous. The 
residue is then dissolved in rather less than six times its 
weight of water, at about 86^ Fah. (2^ or 8^ C), the salt 

being reduced to powder and added in successive small portions^ 

u 2 
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and tlie vessel containing the liqaid being immersed in ioe-oold 
water. Without these precautions^ the temperature of the 
liquid may be raised several degrees^ in consequence of the 
heat evolved by the combination of the anhydrous sulphates 
with water ; and^ in that case, crystallisation will commencci 
and rapidly extend through the whole mass of liquid^ as these 
sulphates are much less soluble in warm than in cold water; 
but if the liquid be properly cooled, the whole dissolves com- 
pletely. The solution is next to be heated in the water-bath 
to about 104° F. (40° C.) ; the sulphate of lanthanum then 
crystallises out, accompanied by only a small quantity of 
sulphate of didymium. To purify it completely, it is again 
rendered anhydrous, redissolved in ice-cold water, &c., and 
the entire process repeated ten or twelve times. The test of 
purity is perfect whiteness, the smallest quantity of didymium 
imparting an amethyst tinge (Mosander). 

2. When the didymium-salt is in excess, in which case the 
liquid has a decided rose-colour, separation may be effected 
by leaving the solution containing excess of acid, in a warm 
place for a day or two. The sulphate of didymium then sepa- 
rates in large rhombohedral crystals modified with numerous 
secondary faces; and, at the same time, slender, needle- 
shaped, violet-coloured crystals are formed, containing the 
two sulphates mixed. The rhombohedral crystals, which are 
nearly free from lanthanum, are removed, and the needles, 
together with the mother-liquid, treated as in the first 
method, to obtain sulphate of lanthanum (Mosander). 

In both cases, the separation may be greatly facilitated by 
first dissolving the mixed oxides of the two metals in a large 
excess of nitric acid, and precipitating in successive portions 
by oxalic acid : the first precipitates thus formed have a much 
deeper rose-colour, and are much richer in didymium than 
the latter. The separation thus effected is very imperfect in 
itself, but it greatly facilitates the subsequent separation of 
the sulphates, which is much more rapid, when one of the 
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sulphates is in great excess with regard to the other (Ma« 
rignac). 

MetalHc larUhanum is obtained by decomposing the anhy- 
drous chloride with sodium^ and dissolving out the chloride 
of sodium with alcohol of sp. gr. '0*883. It is a dark, lead- 
grey powder, soft to the touch, and adhering when pressed. 

Protoxide of lanthanum, LaO, 55 or 688, is obtained in 
the anhydrous state by igniting the precipitated hydrate or 
carbonate in a covered crucible. It is a white powder, which 
turns brown when heated in the air, probably from partial 
conversion into a higher oxide. The hydrated oxide is formed 
when the metal or the anhydrous oxide is immersed in warm 
water, or when a salt of lanthanum is precipitated by caustic 
potash. It is a white substance, viscid while moist, and 
slightly alkaline to test-paper. It absorbs carbonic add firom 
the air with great rapidity. 

Oxide of lanthanum, even after strong ignition, dissolves 
very easily in acids. When boiled with a solution of chloride 
of ammonium, it dissolves and expels the ammonia. The 
salts of lanthanum are perfectly colourless when free from 
didymium. The soluble salts have an astringent taste. 
Potash and soda, added to the solutions, throw down the 
hydrated oxide, which dissolves completely in chlorine- water, 
without forming any yellow deposit. Ammonia throws down 
a basic salt. Oxalic acid or oxalate of ammonia, throws 
down a white flocculent precipitate, which does not become 
crystalline. In other respects, the solutions resemble those 
of cerous salts. Compounds of lanthanum do not impart any 
colour to borax or phosphorus-salt. 

Chloride of lanthanum is obtained in the anhydrous state 
by igniting the oxide in a current of hydrochloric acid gas, 
and as a hydrate by evaporating a solution of the oxide in 
hydrochloric acid. It dissolves very readily in water. 

Carbonate of lanthanum is found native in small crystalline 

scales, containing traces of protoxide of cerium. When ob- 
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tained by precipitation, it forms a gelatinous mass, wliich 
gradually changes into shining crystalline scales (Mosander). 

Sulphate of lanthanum, LaO . SO3, is obtained by spon- 
taneous evaporation in small prismatic crystals, containing 
3 eq. of water of crystallisation. It parts with ^its water at a 
low red heat, and with half its add at a strong red heat. It 
is much less soluble in hot than in cold water (p. 272). It 
forms with sulphate of potash a very sparingly soluble double 
salt, similar to the sulphate of cerium and potassium. 

Nitrate of lanthanum crystallises in deliquescent oolouriess 
prisms, very easily soluble in water and in alcohol. When 
carefully heated, so as not to expel any of the add, it fiiaes, 
and solidifies into a colourless glass on cooling. If the heat 
is raised, so as to drive off a portion of the add, a fused mass 
remains which, on cooling, forms a kind of enamel, but 
almost immediately afterwards crumbles to a bulky white 
powder, and with such force that the partides are scattered 
about to a considerable distance (Mosander). 



ESTIMATION 07 LANTHANUM. 

Lanthanum is precipitated from its solutions by potash, or 
by oxalate of ammonia, and the precipitate converted by 
ignition in a covered platinum crucible into the anhydrous 
oxide, containing 85*7 per cent, of the metal. 

The methods of separating lanthanum from other metals 
are the same as those adopted for cerium. The separation of 
lanthanum from cerium itself may be effected by boiling the 
mixed oxides in a solution of chloride of ammonium (p. 262). 



DIDYMIUH. 273 



SECTION VII. 

DIDYMIUM. 

Eq. 48 or 600; Di. 

Didymiam was discovered by Mosander in 1841*; and 
its compounds have since been more minutely examined by 
Marignact 

A pure salt of didymium is obtained by recrystallising the 
rose-coloured rhombobedrons which separate from an acid 
solution of the mixed sulphates of lanthanum and didymium 
by spontaneous evaporation ; and from the pure sulphate thus 
prepared, the other compounds of the metal may be formed. 

MetcdUc didymium is obtained by heating potassium with 
an excess of chloride of didymium, and washing out the 
soluble chlorides with cold water. It is thus obtained, for 
the most part, as a grey metallic powder; but partly, also, in 
fused globules. The powder, thrown into the flame of a 
spirit-lamp, bums with bright sparks like iron-filings. The 
powder decomposes water at ordiuary temperatures ; the 
fused granules do not : in either form, however, the metal 
dissolves rapidly in dilute acids, with evolution of hydrogen. 

Protoxide of didymium, DiO, 56 or 700. — Obtained in 
the anhydrous state by strongly igniting the nitrate, oxalate, 
or the precipitated hydrate in a covered crucible. It is per- 
fectly white ; is slowly converted into a hydrate by immersion 
in warm water; dissolves readily in the weakest acids; and 
expels ammonia firom ammoniacal salts when boiled with 
them. The hydrate, DiO.HO, is a gelatinous mass resembling 
alumina, but having a very pale rose-colour. It contracts 
much by desiccation, 

* Fogg. Ann. Wi. 604. 

t Ann. Ch. Pbys. [8], xxxviii. 148 1 Chem. Soc. Qu. J., tI. 260. 
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The salts of didymium have either a pure roee^colour, like 
the sulphate^ or slightly incUning to yiolet, like the nitrate in 
the state of strong solution. Potash, soda, and ammonia 
precipitate the hydrate; so does sulphide of ammonium. 
Carbonate of baryta also throws down the hydrated oxide 
slowly, but completely. Oxalate of ammonia precipitates 
didymium completely from neutral solutions; and oxalic acid 
almost completely, unless the solution contains a large excess 
of acid. The sulphates of potash, soda, and ammonia {ana, 
immediately in strong, and gradually in weak solutions, rose- 
white precipitates of double sulphates, slightly soluble in 
water, less soluble in excess of the reagent ; the soda-salt is 
the least soluble of the three. Phosphoric and arsenic acids, 
at a boiling heat, form precipitates sparingly soluble in adds. 
All compounds of didymium impart to borax B,nd phosphorus^ 
salt a very pale rose-colour. They do not colour carbonate 
of soda before the blowpipe. 

Peroxide of didymium. — When the oxalate, nitrate, car- 
bonate, or hydrate of didymium is ignited in contact with the 
air, and not very strongly, a dark brown oxide is obtained^ 
containing from 0*32 to 0*88 per cent, of oxygen more than 
the protoxide. When treated with acids it dissolves readily, 
giving off the excess of oxygen, and forming a solution 
containing the protoxide. It is probably a mixture of the 
protoxide with a small quantity of a higher oxide of definite 
composition. By strong ignition in a dose vessel, it is con- 
verted into the white protoxide. 

Sulphide of didymium, DiS, is obtained by igniting the 
oxide io the vapour of bisulphide of carbon. It is a light, 
brownish green powder, which dissolves in acids, with evo- 
lution of hydrosulphuric add. A greyish-white oxystdphide, 
2DiO.DiS, is obtained by igniting the oxide with carbonate 
of soda and excess of sulphur, and digesting the fused mass in 
water (Marignac). 

Chloride of didymium is obtained as a hydrate in, rose- 
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coloured crystals of considerable size, by evaporating a solution 
of the oxide in hydrochloric acid. The cryst^als, which are 
Tery soluble in water and alcohol, contain DiC1.4H0. The 
solution, when evaporated, gives off hydrochloric add, and 
leaves an oxychloride, not however of constant composition 
(Marignac). 

Carbonate of didymium, DiO . CO^. — Precipitated as a 
white, bulky hydrate, tinged with rose-colour, on adding an 
alkaline carbonate or bicarbonate to a salt of didymium. 
The precipitate formed in the cold with nitrate of didymium 
and bicarbonate of ammonia, contains, after drying in vacuo, 
DiCa^-f 2H0. At 212^ it gives off H eq. water and a 
small quantity of carbonic acid (Marignac). 

Oxalate of didymium, C4Di20g, is precipitated firom neutral 
solutions as a rose- white powder,' which dissolves in warm 
nitric or hydrochloric acid, and separates, on cooling, in the 
form of a granular crystalline powder, sometimes even in small 
rose-coloured prismatic crystals. After drying in the air, it 
contains 8 eq. water, 6 eq. of which go off at 212^ (Ma^ 
rignac). 

Sulphate of didymium, DiO.SOg. — Formed by dissolving 
the oxide or carbonate in dilute sulphuric acid. The solution 
is rose-coloured, and deposits, by spontaneous evaporation, 
dark rose-coloured, shining crystals, having the form of an 
oblique rhomboidal prism (Mosander), and cleaving readily 
and distinctly in a direction parallel to the base. They con* 
tain 8(DiO.S03) + 8 Aq., and give off the whole of their 
water at 392° P. (200^^ C), leaving an anhydrous powder, 
which may be heated to redness without further alteration* 
A solution of the sulphate, when heated, especially to the 
boiling point, deposits a crystalline precipitate containing 
DiO.SOa + 2H0. The following table exhibits the solu- 
bility of the anhydrous salt, and of the two crystalline hydrates 
in water at different temperatures : — 
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The anhydrotu sulphate, exposed to the heat of an intense 
charcoal fire, gives off two-thirds of its sulphuric acid, and 
leaves a tribasic sulphate, SDiO.SOj (Marignae). 

Sulphate of didymium, mixed in solution with sulphate of 
potash, forms a crystalline double salt, which appears to con- 
tain KO.SO3 + 8(DiO.S03) + 2H0; it dissolves in sixty- 
three times its weight of cold water. With sulphate of soda 
it forms the anhydrous double salt, NaO.SOj -f 8(DiO.S03), 
which requires two hundred times its weight of water to dis- 
solve it, and is still less soluble in a solution of sulphate of 
soda. With sulphate of ammonia, it forms the salt NH^0.S03 
-h 8(DiO.S03) + 8H0, soluble in eighteen times its weight 
of water (Marignac). 

Sulphite ofdidymium, DiO.SOj + 2H0. — Oxide of didy- 
mium suspended in water, is readily dissolved by a stream of 
sulphurous acid gas, forming a rose-coloured solution which 
becomes turbid when heated, forming a light bulky precipitate, 
which redissolves as the liquid cools, unless the temperature 
has been raised to the boiling point, in which case it remains 
undissolved (Marignac). 

Nitrate ofdidymium, DiO.NOg. — This salt is very soluble 
in water and in alcohol of the strength of 96 per cent. The 
aqueous solution has a pure rose colour when dilute, but 
appears violet by reflected light when strong. A syrapy solu- 



TANTALUM. 277 

tion solidifies on cooling into a deliqueaoent crystaUine mass, 
which^ when carefully heated to 300^ C, melts^ becomes per- 
fectly anhydrous^ and exhibits the composition of the neutral 
nitrate. At a higher temperature^ it is decomposed^ gi^g 
off nitrons fumes, and leaving a residue from which water 
extracts a portion of neutral nitrate, and leayes a basic salt 
containing 4DiO.NOg -h ^ HO. (Marignac) . 

Phosphate of didymvum, SDiCPOg + 2HO. — Precipi- 
tated, after a few hours, as a white powder, on adding a strong 
solution of phosphoric acid to a strong solution of nitrate of 
didymium. It is insoluble in water, very sparingly soluble in 
dilute acids; but dissolves readily in the stronger acids when 
concentrated; gives off its water when ignited (Marignac). 

Arseniate of didymium, 5Di0.2As05 + 2H0. — Obtained 
as a pulverulent precipitate by the action of arsenic add on 
solutions of didymium at the boiling heat, or as a gelatinous 
precipitate by the action of neutral arseniate of potash at 
ordinary temperatures. It is but slightly soluble in dilute 
acids (Marignac). 

The quantitative estimation of didymium is effected in the 
same manner as that of lanthanum. The anhydrous prot- 
oxide contains 85*7 per cent, of the metal. 

The methods of separation didymium from the preceding 
metals are also the same as for lanthanum. For separating 
it from lanthanum itself, no method has yet been devised 
sufficiently exact for quantitative analysis. 



SECTION VIII. 

TANTALUM. 

Eq. 68-82 or 860*8 ; Ta. 



This metal was discovered by Ekeberg in 1802. It is a 
rare metal, occurring only in a few minerals, the principal of 
which are Swedish tantalite and yttro-tantalite. 
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Tantalum is obtained, in the metallic state, by beating the 
flaoride of tantalnm and potassium, or fluoride of tantalum 
and sodium, with sodium, in a well covered iron crucible, and 
afterwards washing out the soluble salts by water. The re- 
duced metal thus obtained is not quite piire, being more or less 
contaminated with acid tantalate of soda, the quantity of 
which may, however, be diminished by covering the mixture 
in the crucible with chloride of potassium. 

Tantalum is a black powder, which, according to H. Rose, 
is a good conductor of electricity. When heated in the air, 
it bums with a bright light, and is converted, though with 
difficulty, into tantalic acid. It is not attacked by sulphuric, 
hydrochloric, or nitric acid, or even by aqua regia. It dis- 
solves slowly in warm aqueous hydrofluoric add, with evolu- 
tion of hydrogen, and very rapidly in a mixture of hydrofluoric 
and nitric acids. 

Tantalum forms two compounds with oxygen, viz., tatUaUm^ 
acid, probably TaO, and tantalic acid, TaO^. 

Tantalatis acid is obtained by placing tantalic acid in a 
small cavity in a crucible filled with charcoal, and exposing it 
to the strongest heat of a blast-iumaee ; a thin film on the 
outside is at the same time reduced to' the state of metal. It 
is a dark grey mass which scratches glass, and acquires 
metallic lustre by burnishing. 

TantaUc acid, TaOaJ 84-82 or 1060-3.* — This compound 
is formed when tantalum bums in the air; also by the action 
of water on chloride of tantalum; and, in the form of a 
potash-salt, by fusing metallic tantalum or tantalous acid 

* The composition o^ tantalic acid is osually represented bj the fonnnla 
TaO,, which, according to the original anal^ sis of that compound by Ber- 
selias (88'5 per cent, tantalum + 11*6 per cent, oxjgen), giTCs for tantalum 
the equivalent number 185. But according to the recent experimenta of 
H. Bose (Berl. Akad. Ber. 1866, 386), the tantalum-compounds appear to con- 
tiiin 2 eq. of the chlorous element, viz., the chloride, Ta01|, tantalic add, 
TaO,, &c. ; he also finds the chloride to contain 49'26 per cent, of tantalum, 
making the equiralent of tantalum 68'82. 
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with hydrate, carbonate, or bisulphate of potash. It exists, 
in combination with yarions bases, in the minerals above 
mentioned, and is usually extracted from tantalite, which con- 
tains the oxides of iron and manganese, together with small 
quantities of stannic and tungstic acids, by one of the follow- 
ing processes: — 1. The mineral, after being pulverised and 
levigated, is fused with twice its weight of hydrate of potash ; 
the fdsed mass digested in hot water; and the filtered solution 
supersaturated with hydrochloric or nitric acid : hydrated 
tantalic acid is then precipitated in white flakes, which may be 
purified by washing with water (Berzelius). 2. A better 
method, however, is to fuse the levigated tantalite in a 
platinum crucible with six or eight times its weight of 
bisulphate of potash ; pulverise the mass when cold ; and boil 
it repeatedly with fresh quantities of water till no more sul- 
phate of potash, iron, or manganese is dissolved out of it. 
The residue, which consists of hydrated tantalic acid mixed 
with ferric oxide, stannic acid, and tungstic acid, is then 
digested in sulphide of ammonium containing excess of 
sulphur, which removes the stannic and tungstic acids, and 
converts the iron into sulphide ; the liquid is filtered, and the 
tantalic acid washed with water containing sulphide of am- 
monia, then boiled with strong hydrochloric acid to remove 
the iron, and finally washed with boiling water. The hydrated 
tantalic add thus prepared is converted into the anhydrous 
acid by ignition. It may still, however, contain silica, to re- 
move which, it is dissolved in aqueous hydrofluoric acid, the 
filtered solution mixed with sulphuric acid and evaporated to 
dryness, and the residue ignited as long as its weight con- 
tinues to diminish: the silica is then expelled as gaseous 
fluoride of silicon (Berzelius). 

Anhydrous tantalic acid is a white powder, which remains 
white when heated, or acquires but a very faint tinge of 
yellow. Its specific gravity varies from 7*022 to 8*264, in- 
creasing with the temperature to which the acid has been 
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exposed (H. Rose). It neither melts nor Tolatilises whea 
heated^ and is destitute of taste and smell. It is reduced to 
the metallic state in the circuit of a very powerful voltaic 
battery; partially also by very strong ignition in contact irith 
charcoal. When ignited in the vapour of bisulphide of carbon, 
it yields sulphide of tantalum : 

2Ta02 + 4CSa = Ta^Sj + 4C0 + 5S. 

It is insoluble in all acids, and can only be rendered soluble 
by fusion with hydrate or carbonate of potash. 

Hydrated tantalic acid, obtained by precipitating an aqueous 
solution of tantalate of potash with hydrochloric acid, or by 
decomposing chloride of tantalum with water containing a 
small quantity of ammonia, is a snow-white bulky powder, 
which reddens Utmus-paper while moist, and dissolves in 
hydrochloric and hydrofluoric acids. When strongly heated 
it gives off its water and becomes incandescent. The hydrate, 
obtained by fusing tantalite with bisulphate of potash in the 
manner above described, is of a denser and more crystalline 
character, is insoluble in all acids excepting strong sulphuric 
add, and is precipitated firom the solution by water. When 
heated, it becomes anhydrous, but does not emit light. 

Tantalic acid combines with bases much more readily than 
with adds. When fused with hydrate of potash in a silver 
crucible, it forms a transparent mass of tantalate of potash, 
which, after cooling, dissolves completely in water. With 
hydrate of soda it fuses into an opaque turbid mass, and 
ultimately deposits a sediment, which is not taken up by 
fusion with any excess of the alkali. Water poured upon the 
fused mass when cold dissolves out the excess of soda, but not 
a trace of tantalic add ; and the residue, when treated with 
fresh water, dissolves and forms an opalescent solution of 
acid tantalate of soda, which salt is completely insoluble in a 
strong solution of caustic soda, and is therefore predpitated 
on mixing the liquid with the solution of soda previously 
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obtained by treating the fused masswith water. When tan- 
ialic acid is fused with carbonate of potash or soda, the fused 
mass is not completely soluble in water. 

Hydrochloric acid, added in excess to the solution of 
an alkaline tantalate^ first precipitates the tantalic add^ 
and then redissolres it^ forming a slightly opalescent liquid. 
Sulphuric add also precipitates the tantalic acid^ but does 
not redissolve it when added in excess. Carbonic acid 
gas, passed through the solution of an alkaline tantalate, 
precipitates the whole of the tantalic acid in the form of 
an acid salt. Chloride or sulphate of ammonium also pre- 
cipitates the tantaUc acid from these solutions in the form 
of hydrate^ mixed with small quantities of ammonia and the 
fixed alkali. The presence of carbonate of potash or soda 
prevents the formation of this precipitate at ordinary tem. 
peratures ; but it then appears after boiling for some time. 
Sulphide of ammonium produces no precipitate. Chloride of 
barium or calcium forms a precipitate of tantalate of baryta 
or Ume^ insoluble in water and in ammoniacal salts. Nitrate 
of silver forms, in the solution of a neutral alkaline tantalate, 
a white precipitate, which is turned brown by a small quantity 
of ammonia, and dissolves in a larger quantity. A solution 
of basic mercurous nitrate forms a yellowish white precipitate, 
which turns black when heated. Ferrocyanide of potassium, 
added to a very slightly acidulated solution of an alkaline 
tabtalate, forms a yellow precipitate ; ferricyanide of potassium 
a white precipitate. Infusion qf galls, added to a solution of 
an alkaline tantalate acidulated with sulphuric or hydrochloric 
acid, farms a light yellow precipitate soluble in alkalies. 
Zinc, immersed in the solution of an alkaline tantalate acidu- 
lated with hydrochloric acid, does not produce any blue 
colour; neither is that colour produced, or but very faintly, 
on addition of sulphuric acid. But if chloride of tantalum 
be dissolved in strong sulphuric acid, and then water and 
metaUic zinc added, a fine blue colour is produced^ which does 
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not cliAiige to brown^ but soon diflappean. The blue colour 
is also produced on placing zinc in a solution of chloride of 
tantalum in hydrochloric acid, to which a small quantity of 
water has been added; too much water, however, prevents its 
formation. 

Before the blowpipe, tantalic acid dissolves abundantly in 
fhosphoms^alt, forming a clear, colourless glass, which un- 
dergoes no alteration when heated in the inner flame, and 
does not turn red on addition of protosulphate of iron. With 
borax also it forms a transparent glass, which, however, if the 
quantity of tantalic acid is somewhat large, may be rendered 
opaque by interrupted blowing, or flaming, as it iB technically 
called, but recovers its transparency by long exposure to a 
continued blast. A very laige quantity of tantalic add ren- 
ders the glass opaque. No alteration takes place in the inner 
flame. With carbonate of soda on charcoal, tantalic acid 
produces effervescence, but does not fuse into a bead or undergo 
reduction. 

The above-described characters are sufficient to distinguish 
tantalic acid from all the substances previously described. 
From titanic acid, which it most resembles, it is distinguiBhed, 
first, by its behaviour before the blowpipe ; secondly, by its per« 
feet insolubility in strong sulphuric acid after ignition, ignited 
titanic acid, when finely pulverised, being soluble in that 
acid ; and, thirdly, by the fact that, when it is fused with bi- 
sulphate of potash, and the fused mass treated with cold 
water, the tantalic add remains undissolved in combination 
with sulphuric add; whereas titanic add, similarly treated, 
yields a fused mass, which dissolves completely in a con- 
siderable quantity of cold water, provided the fusion has been 
continued long enough. From silica, tantalic acid is distin* 
guished by its behaviour before the blowpipe, silica being in- 
soluble in phosphorus-salt, and fusing to a transparent bead 
when heated on charcoal with a small quantity of carbonate 
of soda. The behaviour of tantalic acid with cine, with tine- 
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ture of gaUs, and with hydrofluoric acid, also distinguislies it 
from silica. 

Sulphide of tantalum, T9l^S^» — Obtained by igniting tan- 
talic add in the vapour of bisulphide of carbon, or by ex- 
posing chloride of tantalum to the action of hydrosulphuric 
add gas. The product is not perfectly definite in either case. 
The second process yields a sulphide containing 24*08 per 
cent, sulphur, whereas the formula Ta^Ss requires 25*86 per 
cent. The former process gives a product containing 28*5 
per cent, sulphur. Sulphide of tantalum is a black substance, 
which acquires a brass-yellow colour by trituration in an 
agate mortar. Heated in an atmosphere of chlorine gas, it is 
converted into chloride of tantalum and chloride of sulphur 
(H. Rose). 

Chloride of tantalum, TaCl^. — Prepared by passing chlorine 
gas over a heated mixture of tantalic add and charcoal. 
Tantaiic add is mixed with starch or sugar, and the mixture 
completely charred by ignition in a covered crudble. It is 
then introduced in small pieces into a glass tube which is 
strongly heated by a charcoal fire, while a stream of dry 
carbonic acid is passed through it. As soon as all the 
moisture is expelled, the tube is left to cool, the flow of car- 
bonic add being still kept up ; the carbonic acid apparatus is 
then replaced by a chlorine apparatus, and the tube again 
heated after the carbonic acid and atmospheric air have been 
completely expelled by the chlorine. Chloride of tantalum is 
then obtained in the form of a sublimate of a pure yellow colour. 
If, however, the tantalic add contains tungstic acid, the 
colour of the sublimate is red; and if stannic or titanic acid 
is present, yellow drops of liquid chloride are also produced. 
Chloride of tantalum melts at 430°, and volatilises at 291^ 
Water decomposes it, forming hydrochloric and tantalic 
adds; but the decomposition is not complete even at the 
boiling heat : water containing a small quantity of ammonia 
decomposes the chloride perfectly even at ordinary tempera- 
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tores. According to the recent experiments of H. Rose, 
chloride of tantalum contains 81 '14 per cent, of tantalum. 

Bromide of tantalum is prepared in the same manner as 
the chloride ; when freed from excess of bromine, it has a 
yellowish colour. 

Fluoride of tantalum, TaF,. — Ignited tantalic acid does 
not dissolve in aqueous hydrofluoric acid; but the hydrate 
dissolves, forming a clear solution, which, when evaporated, 
partly gives off the tantalum as fluoride, but also leaves a 
white residue of oxyfluoride. Fluoride of tantalum forms 
with fluoride of potassium a crystalline double salt, containing 
KF.2TaF2; and with fluoride of sodium the salt, NaF.TaF^ 
(H. Rose). 



ESTIMATION AND SEPARATION OF TANTALUM. 

Tantalum is estimated in the form of anhydrous tantalic 
acid, containing 81*18 per cent, of the metal. It occurs in 
nature associated with lime, magnesia, yttria, and the oxidea 
of iron and manganese, and occasionally with airoonia, titanic 
acid, and a few other substances. From these it is separated 
by fusion with hydrate of potash, or, better, with bisulphate 
of potash, in the manner already described (p. 2Z9). Some 
compounds of tantalic acid may be decomposed by sulphuric 
acid, the tantalic acid being separated in the insoluble state, 
and all the bases passing into the solution. 

Tantalate of zirconia may be decomposed in this manner. 
On treating that compound with strong sulphuric add, and 
digesting the cooled mass for some time with a large quantity 
of water, sulphate of zirconia dissolves, and tantalic add re« 
mains behind in combination with sulphuric add, from which 
it may be purified by repeated boiling with water. 

From titatdc acid, with which it sometimes occurs in nature, 
tantalic add is separated by fusing the mineral with bisulphate 
of potash, and treating the fused mass with a large quantity of 
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water. Titanic acid then dissolyes^ especially if the water is 
slightly adduLated with hydrochloric add^ while sulphate of 
tantalic acid remains undissolved. The titanic acid is preci- 
pitated from the solution by boiling : the separation is^ how- 
ever, not very complete. In some cases, the decomposition 
may be effected by sulphuric acid. 

Erom the alkalies, tantalic acid may be completely separated 
by sulphuric acid, provided the compound is soluble in water. 
In the contrary case, it must first be fused with carbonate or 
hydrate of potash. If, however, the quantity of alkali is to be 
likewise estimated, the compound must be rendered soluble 
by fusion with sulphate of ammonia.* 



SECTION IX. 

COLUMBIUM. 

Synonyme, Niobium; Cb. 

This metal was discovered by Hatchett in 1801, in a black 
mineral (columbite), from Massachusetts, in North America ; 
it was thence named Columbium, Wollaston, in 1809, ex- 
amined it further, and pronounced it to be identical with the 
tantalum discovered by Ekeberg, in Swedish tantalite. This 
idea of the identity of the two metals remained current till 
1846, when H. Rosef, by a more careful investigation of the 
matter, was led to conclude that the American columbite, and 
the tantalite from Bodenmais, in Bavaria, contained two acids 
bearing a very close resemblance to tantalic acid, but never- 
theless, distinct from it and from each other. To the metals 
supposed to exist in these acids he assigned the names Niobium 
and Pelopium, But by a later investigation i^j ^® ^ruA^ that 

* H. Rose, Handb. d. Anal. Ghetn. 1861, ii. 826—835. 
t Pogg- Ann. Ixiii. 817 ; Izix. 115. 
t Pogg. Ann. zo. 456 ; Anru Oh. Pharni. Ixzzviii. 245. 
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these two acids really contain the same metal, associated irith 
different quantities of oxygen ; he therefore discards the name 
pelopium, and proposes to designate by nwbium the metal 
contained in American columbite and Bayarian tantalite. Aa, 
however, this metal is clearly the one discoTcred fifty yean 
ago by Hatchett, we cannot do better than retain for it the 
name originally proposed by its discoverer, viz., Columbium.* 

Columbium likewise occurs, associated with yttrium, ura- 
nium, iron, and small quantities of other metals, in a Siberian 
mineral called urano-tantaUte, yttro-ilmenite, or samarskite ; 
also in pyrochlore, eukolite or wohlerite, euxenite, and in a 
variety of pitchblende from Satersd&len. 

Metallic columbium is obtained by passing dry ammoniacal 
gas over the chloride. It is a black powder, which oxidises 
when heated in the air. Nitric acid and aqua-regia have no 
effect upon it ; but a mixture of hydrofluoric and nitric acids 
attacks it at ordinary temperatures. It combines with oxygen 
in two proportions, forming columbous and columbic acids, 
formerly supposed by Rose to contain different metals, and 
called respectively niobic and pelopic acids. The composition 
of these acids has not yet been determined. 

Columbous acid, or a mixture of that acid with columbic 
acid, is separated from the minerals containiag it by processes 
similar to those already described for the preparation of tan* 
talic acid (p. 279) ; and when the acid, or mixture of acids, 
thus obtained, is mixed with charcoal and heated in a stream 
of chlorine gas, with the precautions already detailed for the 
preparation of chloride of tantalum (p. 285), it is generally 
converted into two chlorides, — the one white, volatile, but not 
fusible ; the other yellow, likewise volatile, and easily fusible : 
the latter contains the larger proportion of chlorine. It was 
the formation of these two chlorides which led Rose to con- 
clude that certain varieties of tantalite contained two distinct 

* See a paper " On the Nomenolature of the Metals contained in Colum- 
bite and Tantalite/' bj Prof. Oonnell, Phil. Mag. [4]. 
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metalB^ niobium and pdopium ; lie now finds^ however^ that 
the substance which he r^arded as perfectly pure niobic 
add^ obtained by the action of water on the white chloride^ 
msj, hj mixing it with a large excess of charcoal^ and gently 
igniting the mixture in a stream of chlorine gas^ with strict 
attention to all the precautions above alluded to^ be com- 
pletely converted into the yellow chloride^ — the so-called 
chloride of pelopium. But if a smaller quantity of charcoal 
be used^ or if the mixture be too strongly ignited during the 
action of the chlorine^ especially at the commencement^ the 
white and less volatile chloride (chloride of niobium), is 
obtained, as well as the yellow compound. 

Columbium appears, then, to be capable of uniting with 
chlorine in two proportions ; and the chlorides thus formed 
yield, when treated with water, two adds of corresponding 
constitution, viz., Colutnbous and Columbic acids, the latter, 
which contains the larger proportion of oxygen, being formed 
from the yellow chloride. 

Columbous add (Rose's niobic acid) may, like tantalic 
acid, be obtained in the amorphous and the crystalline state, 
viz., by the rapid or gradual action of water on the chloride. 
Its spedfic gravity is lower than that of tantalic add, and is 
subject to similar variations. Samples of the acid, prepared 
from various sources, exhibited, after ignition over a spirit- 
lamp to the point of incandescence, specific gravities ranging 
from 4*66 to 5*26; by stronger ignition, the density was 
diminished. The mean density of the amorphous acid was 
found to be greater than that of the crystalline in the ratio 
of 1 to 0*875. The add is colourless both in the anhy- 
drous and hydrated states, but when heated assumes a yellow 
colour, much deeper than that of heated tantalic add. The 
hydrated add becomes incandescent during its transition to 
the anhydrous state. 

Columbous add is decomposed by ignition in a stream of 

hydrosnlphuric acid, and converted into sulphide of colum- 
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bium. When ignited in ammoniacal gas, it turns black, and 
yields a large quantity of water. 

Columbons acid, after ignition, is insoluble in all adds. 
The hydrated acid is but yery sparingly soluble in hydro* 
chloric acid ; so that when an alkaline columbite is precipi* 
tated by excess of hydrochloric add, the filtrate retains only 
a trace of columbous add in scdution. The hydrated add dis- 
solves, to a certain extent, in oxalic and in hydrofluoric 
add. 

The alkaUne columbiies are soluble in water, in solutions 
of potash and carbonate of potash, but dissdve with great 
difficulty in excess of soda and carbonate of soda, more 
sparingly even than tantalate of soda. Columbous add is 
predpitated from its alkaline solutions by acids, especially by 
sulphuric acid, even at ordinary temperatures; whereas the 
precipitation of tantalic add requires the aid of heat. Oxalic 
add does not aflfect alkaline columbites; but carbonic acid 
gas precipitates an add salt soluble in a large quantity of 
water; acetic acid and ^al^ammoniac also form predpitates. 
A solution of an alkaline columbite, acidulated with sul- 
phuric or hydrochloric add, forms a red predpitate with 
ferrocyanide of potassium, bright yellow with the ferric 
cyanide, and orange-red with illusion qf galls, A piece of 
zinc, immersed in the acidulated solution, forms a beautiful 
blue precipitate, which after a while changes to brown. 

Before the blowpipe, especially in the inner flame, colum- 
bous add assumes a greenish yellow colour while hot, but 
becomes colourless on cooling. With borax it forms in 
the outer flame a colourless bead, which, if the add is in 
sufficient quantity, becomes opaque by flaming. In the 
inner flame, the bead assumes a greyish blue colour, provided 
it contains a suffident quantity of add to produce opadty on 
cooling. In phosphorus-salt, the add dissolves in lan^ quan- 
tity, forming a colourless bead in the outer flame, and in the 
inner, a violet-coloured, or, if the bead be saturated with the 
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acid^ a beautiful blue bead^ the colour disappearing in the 
outer flame. The addition of protosulphate of iron changes 
the colour to blood-red. These characters^ together with the 
above-mentioned prediHtates^ sufficiently distinguish colum- 
bous from tantalic acid. 

Columbic acid (Rose's pelopic acid) bears a very strong re- 
semblance to tantalic add^ and is intermediate in its pro- 
perties between that acid and columbic acid. Its specific 
gravity ranges from 5-5 to 6*7. It appears to be susceptible 
of three modifications; viz.^ amorphous^ crystolhne before 
ignition^ and crystalline after ignition at the heat of a porce- 
lain-furnace. It is insoluble in all acids after ignition. It is 
precipitated from its alkaline solutions by the same reagents 
as columbous acid. The precipitate formed by hydrochloric 
acid redissolves in excess^ forming an opalescent solution 
from which the acid is completely precipitated by sulphuric 
acid at a boiling heat. The acidtdated solutions yield a> 
brownish-red precipitate mth ferrocyanide of potassium, white 
with ferricyanide, and orange-yellow with if^tmon of galls. 
Zinc behaves with these solutions in the same manner as with 
solutions of tantalic acid. A fine blue colour is obtained by 
treating the yellow chloride of columbium with hydrochloric 
acid^ diluting with water^ and adding a piece of zinc. 

With borax before the blowpipe, columbic acid behaves 
like tantalic acid. In phosphorus-salt it dissolves in large 
quantity, forming a colourless bead in the outer flame. In 
the inner flame, the bead assumes a light-brown colour, tinged 
with violet, the colour disappearing again after a while in 
the outer flame*. The addition of protosulphate of iron 
changes the brown colour to crimson. 

It is remarkable that columbic acid cannot be formed 
directly from columbous acid, even by the most powerful 
oxidising agents. It appears, however, to be deprived of a 
portion of its oxygen by certain reducing agents. 

X 4 
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The methods of eBtimatiiig columbium and aeparaliiig it 
from other metals are the same as for tantalum. No method 
is known of separating oolumbinm from tantalum ; but these 
metals have not hitherto been found oocurring together. 



jJmemMm. (?)— Aooording to the obsenrations of R Hermami*, it would 
appear that Siberian yttrotantalite or jttroilmeiiite oontains a peculiar metal, 
ikienium, which fonns an acid, ilmenic add, very closely resembling oolom- 
boos acid, bat nevertheless distinct from it ; the chief points of difference 
being the lower specific gravity, vis., 4*1 to 4*2 ; the insolubility of tiie 
hydrate in hydrochloric acid; and the formation of a compound with aul- 
pburic acid which is decomposed by a large quantity of water, leaving a 
residue of hydrated ilmenic acid. H. Bosef, however, is of opinion that 
the supposed ilmenic acid is merely columbous [niobio] acid, more or less 
impure. The question must, for the present, be regarded as undecided. 
Hose likewise regards yttroilmenite as identical with urano-tantalite or 
samarskite. 

^ J. pr. Chem. xzxviiL 91, 119 j iL 476 ; Izv. 54. 
t Pogg. Ann. Izzi. 157« 
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ORDER VIII. 

METALS WHOSE OXIDES ASS BEDTJCED TO THE METALLIC 

STATS BT HEAT (NOBLE METALS). 

SECTION I. 

MERCURY. 

Eg. 100 or 1250; Hg. 

Mercury^ or quicksilyer, as it is named from its fluidity, has 
been known from all antiquity. It is found to a small extent 
in the metallic state, but its principal ore is the native sulphide 
cinnabar. The most valuable European mines of mercury 
are, those of Almaden in Spain, and of Idria in Illyria. At 
Almaden the cinnabar is found in veins, often nearly fifty feet 
thick, traversing micaceous schists of the older transition 
period: in Illyria it is disseminated in beds of grit, bitu- 
minous schist, or compact limestone of more recent date. 
The mode of extraction in both these localities, consists in 
simply roasting the ore in a distillatory apparatus, whereby 
the sulphur is burned and converted into sulphurons acid, while 
the mercury is set free in the form of « vapour, and condenses 
in chambers or vessels provided for it. 

The arrangement adopted in Illyria is represented in figures 
12, 13, 14. A is a large furnace (figs. 12 and 14), on each 
side of which is a series of condensing chambers, CCCCCD. 
The space Y, separated from the fire-place by the perforated 
arch n n', is filled with the ore in large lumps ; smaller pieces 
are introduced into the next compartment above the arch/?/?'; 
and on the uppermost arch, r r', are laid a number of earthen 
capsules, containing the pulverised ore and the mercurial resi- 
dues of preceding operations. The fire being lighted, and the 



1 



heat gradu&lljr raised, the sulphur ia burned by the air which 
enters through cbanuels opening into the spaces O, H ; and 
the mixture of mercurial vapour, sulphurous acid, and smoke 
from the fire, passes through the horizontal channel at the 
top of the furnace, then up and down through the condensing 
chambers, C C C C, and finally escapes into the air. 
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The greater part of the mercui; condeiue* in the first three 
chambers, vheoce it runs iato the channels abed, dVtfd', which 
conduct it into a reserroir. To facilitate the condensation 
of the last portions of merciuy in the chambers D D, the 
vapours are made to pass between a series of boards placed 
from side to side of these chambers in an inclined position, 
and having a stream of water continually running over them. 
As the mercury which condenses in these last chambers ia 
mixed with a considerable quantity of dust, it is collected in 
separate channels, then filtered, and the residues returned to 
the furnace as already described. 

The mercury obtained by this process is purified by fiU 
tration through coarse linen cloth, and sent into the market 
in wrought-iron bottles, each containing about fifty pounds. 

At Almaden, the mercury is also extracted &om the cin- 
nabar by roasting] the operation being conducted in furnaces 
called bujftroTtea. (Figs. 15 and 16.) 
Pig. 16. 
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The fire is made at A, and the space B, above it, is filled 
Tith the ore, the largest pieces being laid on the perforated 
arch at the bottom, smaller piecea above, and the whole 
covered with lumps of a mixture of clay, powdered ore, and 
the residues of preceding operationB. The vapours pass 
through an aperture p, in the upper part of the furnace, into 
a series of tubular veesela called aludeU, open at both ends 
and fitting one into the other. These are laid on a surface 
e, b, a, called the aludel-bath, first descending a little, th^ 
ascending, and finally opening into the chimney. The fcarm 
and dispoution of the aludels is 
shown in figure 17. The con- 
densed mercury escapes at the 
joints of the aludels, and runs 
into the channel 4 fi, by wbich it is conveyed into the reaer- 
Toirs m, n n. The uucoudensed mercurial vapour passes into 
the chamber £, where it deposits a mercurial dust, which 
yields by filtration an additional quantity of liquid mercury, 
and a residue which is mixed with clay and pounded ore, and 
returned to the furnace in the manner above mentioned. The 
heating of the furnace ia 



Fig. IS. 



continued for twelve or 
thirteen hours: it is then 
left to cool for three or four 
day8,afterwhichitiBcleared 
out and arranged for another 
operation. 

In the duchy of Deux 
Fonts, a mixture of cin- 
nabar and limestone is 
heated to redness in retorts 
of earthenware or cast-iron 
placed aide by side in an 
oblong furnace (fig. 18), 
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and provided with receivers containing a certain quantity of 
water. Sulphide of calcium and sulphate of lime are then 
formed, and the mercury is evolved in vapour, which con- 
denses in the receivers. 

At Horzowitz, in Bohemia, a mixture of cinnabar and 
smithy-scales is placed in iron dishes, which are attached one 
above the other by the centres of their bases to a vertical iron 
axis, and covered with an iron receiver, closed at top and 
dipping into water at the bottom. The upper part of the 
receiver is surrounded by the fiimace, and imparts its heat 
to the dishes, from which the mercuiy rises in vapour and 
collects in the water below. 

The mercury of commerce is generally very pure; it is 
sometimes, however, contaminated with foreign metals, and 
in that case its fluidity is remarkably impaired. 

Mercury may be purified by distilling it from half its 
weight of iron- turnings, or by digesting it with a small quan* 
tity of nitric acid, or with a solution of corrosive sublimate, 
which rids it of metals more oxidable than itself. The 
purification may also be effected by agitating the mercury 
with a smaU quantity of solution of sesquichloride of iron. 
Pure mercury should leave no residue when dissolved in nitric 
add, evaporated, and ignited; when made to run down a 
slightly inclined surface, it should retain its round form, and 
not drag a tail; and when agitated in a bottle with dry air, 
it shoidd not yield any black powder. 

Mercury is liquid at ordinary temperatures. Its colour is 
white, with a shade of blue when compared with that of 
silver, and it has a high metallic lustre. At 39^ or 40"^ below 
zero, it becomes solid, and crystallises in regular octohedrons. 
According to M. Kupflfer, the density of mercury at 39*2° is 
18-5886; at ^26'', 135569; and at 788°, 13-535 (according 
to Kopp, it is 13*595 at 39*2^). In the solid state, its density 
is about 14*0. Mercury boils at 662^, forming a colourless 
vapour, the density of which was observed, by Dumas, to 
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be 6976 ; the theoretical density is 6930. Mercury emits a 
sensible vapour between 68^ and 80^, but not under 20** 
(Faraday). When heated near its boiling pointy mercury 
absorbs oxygen from the air, and forms crystalline scales of 
the red oxide. It is not affected by boiling hydrochloric or 
dilate sulphuric acid, but is readily dissolved by dilute nitric 
acid. This metal never dissolves in hydrated acids by sub- 
stitution for hydrogen. Mercury combines with oxygen in 
two proportions, forming the black oxide, HgjO, and the red 
oxide, composed of single equivalents, HgO, both of which 
are bases. According to these formulae, the equivalent c^ 
mercury is assumed to be 100; but whether it should be 
this number or a multiple of it by 2, no certun means exist 
of deciding, while we are in ignorance of any isomorphous 
relation of mercury with the magnesian metals. 



MERCUROUS COMPOUNDS. 

Dioxide of mercury (black oxide), Mercurous oxide, Hg^O, 
208 or 2600. — This oxide is obtained by the action of a cold 
solution of potash, used in excess, upon calomel. The sub- 
stances should be mixed briskly together in a mortar, in 
order that the decomposition may be as rapid as possible^ 
and the oxide be left to dry spontaneously in a dark place. 
Mr. Donovan finds these precautions necessary, from the dis- 
position of this oxide to resolve itself hito metallic mercury 
and the higher oxide. The decomposition of mercurous 
oxide is prcHuoted by elevation of temperature, and by ex- 
posure to light. 

• Mercurous oxide is a black powder, whose density is 10*69 
(J. Herapath) ; it unites with acids and forms salts. Its soluble 
salts are all partially decomposed by pure water^ which com- 
bines with a portion of their acid, and throws down a subsalt 
containing an excess of oxide. They are precipitated black 

• 

by hydro9uIphuric acid and alkaline sulphides. Caustic alka^ 
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Hes throw down a black precipitate of mercurous oxide. The 
alkaline carbonates precipitate white mercurous carbonate, 
which soon turns black from decomposition. Carbonate of 
baryta also decomposes mercurous salts, forming a mercuric 
salt which remains in solution, and a precipitate of metallic 
mercury. Mercurous salts are decomposed by hydrochloric 
add and soluble chlorides^ with precipitation of calomel as a 
white powder, a property by which they are distinguished 
from the salts of the red oxide of mercury. In very dilute 
solutions, only an opalescence is produced. The precipitate 
turns black when treated with potash or ammonia. Mer- 
curous salts form with phosphcUe of soda a white precipitate 
of mercurous phosphate, and with aJkaUne chromates, a brick- 
red precipitate of mercurous chromate. Owalic add and 
alkaline oscalaies form a white precipitate of mercurous oxalate. 
Ferrocyanide of potassium produces a thick white precipitate, 
eoidferricyanide of potassium a red-brown precipitate. Tine- 
ture qf galls yields a brownish-yellow precipitate. 

The salts of this, and also of the red oxide, are reduced to 
the metallic state by copper and the more oxidable metals, 
and by the proto-compounds of tin ; lEdso by phosphorous and 
sulphurous acids. The precipitated mercury often takes the 
form of a grey powder, in which no metallic globules are per- 
ceptible, and remains in this condition while moist. Mercury 
in this divided state possesses the medicinal qualities of the 
milder mercurials, and has often been mistaken for black 
oxide. To obtain predpitated mercury, equal weights of 
crystallised protochloride of tin (salt of tin) and corrosive 
sublimate may be dissolved, the first in dilute hydrochloric 
acid and the second in hot water, and the solutions mixed, 
with stirring. The salt of tin takes up all the chlorine of the 
corrosive sublimate, becoming bichloride of tin, which remains 
in solution, while the mercury is liberated, and forms so fine 
a precipitate, that it requires several hours to subside. ^ .It 
may be washed by affusion of hot water and subsidence, and 
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slightly drained on a filter^ bnt not allowed to dry. There 
can be no doubt that it is in this divided state^ and not as the 
black oxide, that mercury is obtained by trituration with fat, 
turpentine, syrup, saliva, &c., in many pharmaceutical pre* 
parations. 

Bisulphide of mercury y Hg^S, is obtained, as a black pre- 
cipitate, by the action of hydrosulphuric acid on a solution of 
mercurous nitrate or upon calomel. This sulphide is decom- 
posed by a gentle heat, and resolved into globules of mercury 
and the higher sulphide, 

Dichloride of mercury, Mercurous chloride, Calomel, Hg^Cl, 
235*5 or 2948*75. — A variety of processes are given for the 
preparation of this remarkable substance. It may be obtained 
in the humid way, by digesting 1 ^ parts of mercury with 
1 part of pure nitric acid, of density from 1*2 to 1*25, till the 
metal ceases to dissolve, and the liquid has b^un to assume 
a yellow tint. A solution is also prepared of 1 part of chloride 
of sodium in 32 parts of distilled water, to which a certain 
quantity of hydrochloric acid is added ; and this, when heated 
to near the boiling point, is mixed with the mercurial salt. 
The mercury takes up the chlorine of the common salt, and 
the subchloride of mercury formed precipitates as a white 
powder, while the nitric acid and oxygen are given up by the 
mercury to the sodium, which becomes nitrate of soda : 

NaCl + HgaO . NO^ = Kg^Cl + NaO . NO^. 

The excess of add in this process is intended to prevent the 
precipitation of any subnitrate of mercury, which the dilution 
of the nitrate of mercury, on mixing the solutions, might 
occasion. Calomel is also obtained by rubbing together, in a 
mortar, 4 parts of protochloride of mercury (corrosive sub- 
limate) with 3 parts of running mercury. The mixture is 
afterwards introduced into a glass balloon, and sublimed by a 
heat gradually increased. Here the protochloride of mercury 
combines with mercury, and the dicliloride is produced. The 
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same result is obtained by mixing mercuric sulphate with as 
much mercury as it abready contains^ and about one-third of 
its weight of chloride of sodium^ and subliming the mixture. 
The vapour of the dichloride of mercury^ in these sublima* 
tions^ is advantageously condensed by conducting it into a 
vessel containing hot water; the vapour of the water then 
condenses the salt in an extremely fine and beautifully white 
powder. The product of this operation is recommended by 
its purity^ as well as by its minute division; for the water 
dissolves out all the protochloride of mercury by which the 
dichloride is accompanied. It appears that whenever the 
dichloride is sublimed, a small portion of it is resolved into 
mercury and the protochloride. As the calomel usually con- 
denses in a solid cake^ it must^ to prepare it for medical use, 
be reduced to a fine powder, and washed with hot water to 
remove the soluble chloride. 

Dichloride of mercury is obtained by sublimation, in four- 
sided prisms, terminated by summits of four faces. When 
the solid cake is finely pounded, the salt acquires a yellow 
tinge. The density of this salt in the solid condition is 6*5 ; 
in the state of vapour 8350. One volume of the vapour con- 
tains one volume of vapour of mercury and half a volume of 
chlorine. This salt is so very sparingly soluble in water, that 
when mercurous nitrate is added to hydrochloric acid diluted 
even with 250,000 times its weight of water, a sensible pre- 
cipitate of dichloride of mercury appears. When boiled for a 
long time in hydrochloric acid, this salt is resolved into proto- 
chloride of mercury which dissolves, and mercury which is 
reduced. 

Action of ammonia on dichloride of mercury. — The dry 
dichloride was found by Rose to absorb an equivalent of 
ammonia, and to become black. Exposed to air, the com- 
pound loses its ammonia, and the dichloride of mercury 
recovers its white colour. This ammoniacal compound is 

VOL, II, Y 



SOO MEBCU&Y. 



Hg^Cl.NHj^ and may be regarded as ^hI [^' ^^^^ ^ ^^ 
dichloride of mercury in which 1 eq. of mercury is replaced 

by mercurammonium, NHgHg. Or again^ if we suppose the 
mercurouB salts to contain, not two distinct atoms, bnt a 
dotible atom of mercury (Hg^ ^ ^S^)' ^^ double atom being 
the equivalent of one atom of hydrogen — thus, calomel 
s Hg'Cl; black oxide of mercury ss Hg'O, &c., — then the 
ammoniacal compound Hg^Cl.NH, may be regarded as 

chloride of mercurosammonium, NHgHg' . CI, or chloride of 
ammonium in which one eq. H is replaced by a double atom 
of mercury. 

When calomel is digested in aqueous ammonia, it turns 
black, and was found by Kane to be converted into mercurous 
amidO'Chloridey Hg^CLHg^NH^ sal-ammoniac being formed 
at the same time : 

2UgJC[ + 2NH3 = HgaCl.Hg^NHj + NH^a. 

This compound may also be regarded as chloride of btmercu- 

, — ■ — » 

ro9amnumium^ NH^Hg'^^.Cl. It is not altered by boiling 
water; when quite dry, it is of a grey colour. 

DUnromide of mercury, MercuroM bromide, Hg^Br, is a 
white insoluble powder, resembling in all respects the di- 
chloride, and formed in similar circumstances. A boiling 
solution of bromide of strontium was found by LcBwig to dis- 
solve three equivalents of dibromide of mercury, of which one 
equivalent precipitated during the cooling of the solution. 
Wheu the filtered solution was evaporated, it deposited a salt in 
small crystals, containing SrBr . 2Hg2Br. These crystals were 
decomposed by pure, water, and resolved into the insoluble 
dibromide, HggBr, and a double s^t, SrBr . Hg^Br, which 
dissolved easily, and crystallised by evaporation. 

Diniodid^ of mercury, Mercurous iodide, Hg,I, is obtained 
by precipitation as a green powder, which is red when heated. 
It is also formed by triturating mercury and iodine together 
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in a mortar, with a few drops of alcohol, in the proportion of 
2 eq. of the former to 1 eq. of the latter. 

No dicyanide of mercury exists; and it is doubtful whether 
a difluoride, corresponding with the dioxide, has been formed. 

Mercurotis carbonate, Carbonate of black oxide of mercury, 
VL^^.CO^ precipitates as a white powder, when an alkaline 
carbonate is added to the nitrate of the same oxide. The 
precipitate becomes grey when the liquid containing it is 
boiled, and carbonic acid escapes. This carbonate is soluble 
both in carbonic acid water, and, to a slight extent, in an 
excess of alkaline carbonate. 

Mercurous sulphate, Sulphate of black oxide of mercury, 
HgaO.SOg; 248 or 3100. — This salt is obtained by digesting 
1 part of mercury in 1^ parts of sulphuric acid, avoiding a 
high temperature, and interruptiDg the process as soon as all 
the mercury is converted into a white salt. It is also pre- 
cipitated when sulphuric acid is added to a solution of mer- 
curous nitrate. The salt may be washed with a little cold 
water. It crystallises in prisms, and requires 500 times its 
weight of cold and 300 of hot water to dissolve it. With 
aqueous ammonia this salt forms a dark grey powder, con- 
taining ammonia or its elements. 

MerctJtroua seleniate. — ^Aqueous solutions of seleniate of soda 
and mercurous nitrate form a white precipitate, probably 
consisting of the neutral salt, HgjO . SeOg, which, however, 
gradually turns yellow during washing, and, when dried at 
100^, is found to be reduced to eHgjO .SSeOg (Komer). 

Mercurotis selenite. — The neutral salt Hg^O. SeO^ is found 
native as onofiite, a yellow earthy mineral, occurring, together 
with horn-quicksilver and native mercury, at San Onofrio, in 
Mexico. It is also obtained by double decomposition as a 
white powder, which melts at 356°, and when heated above 
that point, is converted into a brick-red, opaque, crystalline 
mass of the salt 3Hg20.4Se02 (Eohler).'^ 

" • Fogg. Ann. Izxxix. 146. 
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MercuTouM niirates, NUraies of black oaide of mercury. — 
The neutral nitrate is obtained when mercury is dissolved in 
an excess of cold nitric acid : it crystallises readily in trans- 
parent rhombs. It is soluble with heat in a small quantity 
of water, but is decomposed by a large quantity of water, and 
an insoluble subsalt formed, unless nitric acid be added to the 
water. The formula of this salt is HgjO.NOj + 2H0. A 
subnitrate is formed when the black oxide is dissolved in a 
solution of the preceding salt, or when an excess of mercury 
is digested in diluted nitric acid at the usual temperature. 
It crystallises readily in white, opaque rhombic prisms, 
which contain, according to both G. Mitscherlich and 
Kane, 8Hg20.2N05 + 3H0; or, according to Marignac, 
mgfi.SHO^ + HO. This salt was observed by G. Mit- 
scherlich to be dimorphous. When dissolved by dilute nitric 
acid, it yields the neutral salt. The subnitrate is soluble in 
a little water, but when treated with a lai^e quantity, it leavea 
undissolved, like the neutral nitrate, a white powder, which 
retains its colour so long as the supernatant liquid is acid, but 
becomes yellow when washed with water. The yellow eub^ 
nitrate of mercury was found to contain 2Hg20.N05 + HO 
(Kane). Another subnitrate, containing, according to Ma- 
rignac, 5Hg20.3N05 + 2H0, is obtained by boiling the 
solution or the mother-liquor of the neutral or the sesqui- 
basic nitrate with excess of mercury for several hours. This 
salt crystallises in colourless or slightly yellow crystals, derived 
from an unsymmetrical oblique prism ; it appears to be the 
most stable of all the mercurous subnitrates. When very 
dilute ammonia is added to the preceding soluble nitrates, 
without neutralising the whole add, a velvety black precipi- 
tate falls, known as Hahnemann's soluble mercury. This salt 
contains, according to the analysis of C. G. Mitscherlich, 
SHg^O.NOg + NH3. But when pains were taken to avoid 
decomposition of the salt in washing it, its composition was 
found by Kane to be 2HgjO.N05 + NH3. Bibasic mer- 
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cuFous nitrate^ mixed in solution with nitrate of lead^ yields a 
crystalline double salt, containing 2(PbO.N05) + 2Hg20.N05; 
and similar double salts with the nitrates of baryta and stron- 
tia (G. Staedeler). 

Mercurous acetate, HgjO . C4H3O3, falls when acetic acid, 
or an acetate, is added to the nitrate, in crystalline scales of 
a pearly lustre. It is anhydrous, and sparingly soluble in 
water. 
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Protoxide of mercury {red oxide), Mercuric oxide, HgO, 
108 or 1351. — This compound is formed, as described, by 
the oxidation of mercury at a high temperature, or by heat- 
ing the nitrate of merciiry till all the nitric acid is expelled, 
and the mass, calcined almost to redness, no longer emits 
Tapours of nitric oxide. As prepared by the latter process, 
protoxide of mercury forms a brilliant orange-red powder, 
crystallised in plates, and having the density 11*074. It is 
very dark red at a high temperature, but becomes paler as it 
cools. When reduced to a fine powder, it becomes ydlow, 
like litharge, without any shade of red. It was found by 
Mr. Donoyan to be soluble to a small extent in water, form- 
ing a solution which has a slight alkaline reaction. If con- 
taminated with nitric acid, it gives off nitrous fumes when 
heated in a glass tube, and forms a yellow sublimate of sub- 
nitrate. This oxide is known in pharmacy as red precipitate. 
The same compound is obtained by precipitation, when a 
solution of corrosive sublimate is mixed with an excess of 
caustic potash ; it then forms a dense powder of a lemon- 
yellow colour. It is necessary to use the potash in excess, 
otherwise a dark brown oxychloride is formed. The preci- 
pitated oxide parts with a little moisture when gently heated, 
but does not change in appearance. This yellow precipitated 
oxide differs in some respects from the red oxide; it combines 

T 3 
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in tbe cold with oxalic acid, whereas the red oxide does not ; 
it is converted into black oxychloride by the action of an 1 

alcoholic solution of mercuric chloride, which has no action 
on the red oxide, and it is attacked by chlorine much more 
readily than the latter. At a red heat, the oxide of mer- 
cury is entirely volatiliaed in the form of oxygen and metallic 
merciuy; the same decomposition takes place more slowly 
under the influence of light. The oxide detonates when 
heated with sulphur, and converts chlorine into hypochlorous 
acid. 

The salts of mercuric oxide, when they do not contain a 
coloured acid, are colourless in the neutral, and yellow in 
the basic state. Th^y have a disagreeable metallic taste, and 
act as violent acrid poisons. Some of them, e.g. the nitrate 
and sulphate, are resolved by water into a soluble acid salt, 
and an insoluble basic salt. From their aqueous solutions 
the mercury is, for the most part, precipitated in the metallic 
state by the same substances as from mercurous salts ; but 
the complete reduction of the mercury is often preceded by 
the formation of a mercurous salt : such, for example, is the 
action of phosphorous acid, sulphurous acid, protochloride of 
tin, metallic copper, &c. Gold does not by itself reduce 
mercury from its salts ; but if a drop of a mercuric solution 
be laid on a piece of gold, and a bar of zinc, tin, or iron be 
brought in contact with the moistened surface, an electrolytic 
action is set up, and the gold becomes amalgamated at the 
point of contact. Hydrosulphuric acid and alkaline sulphides, 
added in excess to mercuric salts, throw down a black pre- 
cipitate of mercuric sulphide, insoluble in strong nitric acid. 
If, however, the quantity of the re-agent added is not suffi- 
cient for complete decomposition, a white precipitate is formed 
consifltmg of a compound of mercuric sulphide with the 
original salt, and often coloured yellow or brown by excess of 
the sulphide : this re-action is quite peculiar to mercuric salts. 
Ammonia and carbonate of ammonia form white precipitates. 
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generally consisting of a compound of the mercuric salt 
with amide of mercury. The JUfed alkalies throw down a 
yellow precipitate of mercuric oxide (not hydrated)^ insoluble 
in excess. If^ however^ the solution contains a large quantity 
of free addj no red precipitate is formed^ or only a slight one 
after a considerable time. Monocarbonate of potash or soda 
throws down red-brown mercuric carbonate. But if any 
anunoniacal salt is present in the solution^ the fixed alkalies 
and their carbonates throw down the white precipitate above 
mentioned. Bicarbonate of potash or soda also gives a brown- 
red precipitate, with mercuric nitrate or sulphate ; but with 
the chloride it forms a white precipitate which afterwards 
turns red. The carbonates of baryta, strontia, and lime 
precipitate mercuric oxide from the solutions of the sulphate 
and nitrate, but not from the chloride. Phospfiate of soda 
throws down white mercuric phosphate from the sulphate 
and nitrate, but not from the chloride. Chfromate of potash 
forms a yellowisl^ red precipitate. Ferrocyanide of potassium 
forms, in solutions not too dilute, a white precipitate which 
gradually turns blue. Tincture of galls forms an orange- 
yellow precipitate with all mercuric solutions except the 
chloride. Iodide of potassium produces a scarlet precipitate 
of mercuric iodide, soluble in excess either of the mercuric 
salt or of iodide of potassium. 

When aqueous ammonia is digested for several days 
upon precipitated oxide of mercury, the latter is converted 
into a yellowish white powder, which Kane regards as 
2HgO . HgNH^+SUO, or as a hydrated compound of amide 
and oxide of mercury, which may be called oxyamide of mer- 
cury. According to Millon^, on the other hand, its compo- 
sition is 4HgO.NH3+2HO, or rather SHgO.HgNH^.HO 
-h 2H0. This substance, when placed in vacuo over 
quick lime, gives off 2 6q. water, turns brown, and in that 
state undergoes no further alteration by exposure to the air 

* Oompt. Tend. xxi. 826. 
t4 
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at ordinary temperatures ; bat between 100^ and 130° C.^ it j 

gives off a third atom of water and is reduced to the anhy- S 

drous compound 3HgO . HgNH^. The yellow hydrated com> 
pound rapidly absorbs carbonic acid from the air^ and tarns 
white. Dilute potash has no action upon it ; but very strong 
potash^ at a boiling heat^ decomposes it^ with evolution of 
ammonia. The brown anhydrous compound resists the action 
of aqueous x)otaBh even at the boiling heat^ but is decomposed by 
fusion with hydrate of potash. Oxyamide of mercury is a power- 
ful base^ and expels ammonia from its salts. One equivalent 
of this compound^ represented by the formula 3HgO . HgNH,, 
paiurates 1 eq. of sulphuric acid^ nitric acid, &c. ; thus the 
sulphate is 3HgO . HgNHg . SO3; the nitrate, SHgO-HgNHj . 
NO5 + HO, &c. &c. 

Nitride of mercury, Mercurammonia, NHgj. — This com- 
pound is formed by passing dry ammoniacal gas over precipi- 
tated mercuric oxide previously well washed and dried : { 

3HgO+NH3-NHg3+3HO. 

After removing the excess of mercuric oxide by dilute ni- 
tric acid, the mercurammonia is obtained in the form of a 
dark flea-brown powder, which explodes, by heat, friction, 
percussion, or by contact with oil of vitriol, almost as violently 
as iodide of nitrogen. When carefully heated with hydrate 
of potash, it is decomposed without detonation, yielding am- 
moniacal gas and sublimed metallic mercury. It is also 
decomposed by hydrochloric acid, sulphuric, and concentrated 
nitric acid, yieldiag an ammoniacal and a mercuric salt. It 
may be reganled as ammonia in which the hydrogen is 
entirely replaced by an equivalent quantity of mercury 
(Plantamour).* 

By the action of various ammoniacal salts at a boiling heat 
on mercuric oxide, compounds are obtained consisting of 
nitride of mercury combined with mercuric salts : e,g, with 

♦ Ann. Ch. Phairo. xl. 115. 
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nitrate of ammonia^ the compound NHg3+2(8HgO . NO5) is 
obtained ; with phosphcUe of ammonia^ the compound NHgg + 
3HgO.P05 + 2HO; with carboncUe of ammonia^ the com- 
pound 2(NHg3+ HgO . CO2+2HO) + HO ; with chromate of 
ammonia^ the compound NHgg . HgO . 2HO+4(HgO.Cr03), 
which when treated with ammonia is converted into NHg3 + 
HgO . Cr03+2HO; with acetate of ammonia, the compound 
NHg3+C^H3Hg04+4H0, &c.&c. (Hirzel).* 

ProtostUphide of mercury, Mercuric sulphide, Cinnabar, 
HgS; 116 or 1450. — This is the common ore of mercury, 
and sometimes occurs crystallised, forming a beautiful ver- 
milion. It is prepared artificially by fusing one part of sul- 
phur in a crucible, and adding to it by degrees six or seven 
parts of mercury, stirring it after each addition, and covering 
it to preserve it from contact of air, when it inflames, from 
the heat evolved in the combination. The product is exposed 
to a sand-bath heat, to expel the sulphur uncombined with 
mercury, and afterwards sublimed in a glass matrass at a red 
heat. A brilliant red mass of a crystalline structure is thus 
obtained, which, when reduced to fine powder, forms the 
lively red pigment vermilion. This sulphide is black before 
sublimation. It is precipitated black also when hydrosul- 
phuric acid is passed through a solution of corrosive sublimate, 
but is of the same composition in both states. The sulphide 
of mercury, however, may be obtained of a red colour without 
sublimation, or in the humid way, by several methods. 

Liebig recommends for this purpose to moisten the pre- 
paration called white precipitate, recently prepared, with 
sulphide of ammonium, and allow them to digest together. 
The black sulphide is instantly produced, which in a few 
minutes passes into & fine red cinnabar, the colour of which is 
improved by digesting it at a gentle heat in a strong solution 
of hydrate of potash. The sulphide of ammonium used in 
this experiment is prepared by dissolving sulphur to saturation 

* Ann. Ch. Phann. Ixxziy. 258. 
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in hydrosulphate of ammonia. Cinnabar is not attacked by 
sulphnric, nitric or hydrochloric acid, or by aolntions of the 
alkalies, but is dissolved by aqua-regia. 

Protochloride of mercury , Mercuric chloride , Corrosive sub^ 
limate, 135*5 or 1693*75. — This compound may be formed by 
dissolving red oxide of mercury in hydrochloric add, or by 
adding hydrochloric acid to any soluble salt of that oxide ; but 
it is generally prepared in a different manner. Four parts of 
mercury are added to five parts of sulphuric add, and the 
mixture boiled till it is converted into a dry saline mass. The 
mercuric sulphate thus obtained is mixed with an equal weight 
of common salt, and heated strongly in a retort by a sand- 
bath; chloride of mercury sublimes and condenses in the 
upper part and neck of the retort, while sulphate of soda 
remains behind with the excess of chloride of sodium. The 
mercury and sodium have exchanged places in the salts : 

NaCl + HgO . SO3 = HgCl + NaO . SO3. 

Mercury, when heated in a stream of chlorine gas, bums 
with a pale flame, and is converted into a white sublimate 
of chloride. The salt has been prepared on a large scale in 
this manner, which was suggested as a manufacturing process 
by Dr. A. T. Thomson. 

The sublimed chloride of mercury forms a crystalline mass, 
the density of which is 6*5 ; it fuses at 509^, and boils at 
about 563°. The vapour of chloride of mercury is colourless, 
its density 9420, one volume of it containing 1 volume of 
mercury vapour and 1 volume of chlorine gas. This salt is 
soluble in 16 parts of cold and in 3 parts of boiling water, in 
2j- parts of cold and in 1^ part of boiling alcohol, and in 
8 parts of cold ether. It is not decomposed by sulphuric or 
nitric acid ; is largely dissolved by the latter, and also by 
hydrochloric add. It is obtained by sublimation and firom 
solution in two different crystalline forms. The solutions of 
chloride of mercury exposed to the direct rays of the sun 
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evolve oxygen, wMe hydrochloric acid is dissolved and 
dichloride of mercury precipitates. The decomposition of 
this salt by the action of light is much more rapid -vfhen 
the solution contains organic matter. The poisonous ac* 
tion of chloride of mercury, which is scarcely inferior to 
that of arsenious acid, is best counteracted by liquid albu- 
men, with which chloride of mercury forms an insoluble and 
inert compound. 

Many metals, viz. arsenic, antimony, bismuth, zinc, tin, 
lead, iron, nickel, and copper, decompose mercuric chloride 
in the dry way, withdrawing the half or the whole of its 
chlorine, and separating calomel or metallic mercury, which 
latter forms an amalgam with the excess of the other metal. 
Arsenic forms terchloride of arsenic and a brown sublimate. 
An intimate mixture of 3 pts. antimony and 1 pt. corrosive 
sublimate, well pressed into a glass, becomes hot and liquid 
in the course of half an hour, and on the application of heat 
yields terchloride of antimony and metallic mercury. Tin 
heated with corrosive sublimate yields a distillate of bichlo- 
ride of tin, and a grey residue containing calomel and proto- 
chloride of tin. Many metals also reduce the mercury from 
the aqueous or alcoholic solution of the chloride (p. 306) . Most 
metals throw down calomel together with the mercury ; but 
zinc, cadmium, and iron precipitate nothing but mercury, 
zinc being thereby converted into a semi-fluid amalgam, and 
cadmium forming an amalgam which crystaUises in beautiful 
needles. The other reactions of mercuric chloride in solution 
have been ahready described (p. 306, 307.). 

Chloride of mercury with ammonia, — 1. When chloride of 
mercury is gently heated in a stream of ammoniacal gas, the 
latter is absorbed, and the compound fuses from heat evolved 
in the combination. The product was found by Bose to con- 
tain 2HgCl . NH3. This compound boils at 590°, and may 
be distilled without loss of ammonia; it is decomposed by 
water. — 2. Fusible white precipitate. When the double 
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chloride of mercury and ammonium^ called sal alembroth, is 
precipitated by potash in the cold, a white powder is obtained, 
which was first distinguished by Wohler from the compound 
next described ; its composition may be expressed, according 
to Kane's analysis, by the formula HgCl . NH3. The same 
compound is also formed when ammonia is added to a solution 
of sal-ammoniac, the liquid brought to the boiling point, and 
chloride of mercury dropt into it so long as the precipitate 
which is produced is redissolved. The compoimd appears, on 
the cooling of the solution, in small crystals, which are 
garnet dodecahedrons (Mitscherlich). The crystalline form 
of this compound belongs, therefore, to the regular system, 
like that of sal-ammoniac. 

8. Mercuric amido-chhride. — The compound known as 
white precipitate, and sometimes irrfusible white prec^ntate, to 
distinguish it fix>m the preceding, is formed when ammonia is 
added to a solution of chloride of mercury. When first pro- 
duced, it is bulky and milk-white ; it is decomposed by hot 
water or by much washing with cold water, and acquires a 
yeUow tinge. Kane has shown that white precipitate is free 
Lm oxygen, and contains nothing but the elements of a 
double chloride and amide of mercury, and represents it by 
the formula HgCl . HgNH,. White precipitate is distin- 
gidshed frt>m calomel by solution of ammonia, which does not 
alter the former, but blackens the latter : it is readily dis* 
solved by adds. 

4. Nitrochhride of mercury, — Mitscherlich has obsenred 
that when white precipitate is gradually heated in a metal 
bath, and the heat continued for a long time, three atoms of 
it give off two atoms of ammonia and one atom of chloride of 
mercury, while a red matter remains in crystalline scales, 
having much the appearance of red oxide of mercury pro- 
duced by the oxidation of the metal in air, and containing 
two atoms of chloride of mercury united with a com- 
pound of one atom of nitrogen and three atoms of mercury. 
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2HgCl.NHg3. He concludes that the atom of white preci- 
pitate should be multiplied by three ; its decomposition by 
the heat of the metal bath will then be represented by the 
equation : — 

8(HgCl . HgNH2) = 2HgCl . NHgg + 2NH3 + HgCl. 

The red compound is itself decomposed by a temperature 
above 680°, and resolved into chloride of mercury, mercury, 
and nitrogen. It is insoluble in water, and is not altered in 
boiling solutions of the alkalies. It may be boiled without 
change in diluted or concentrated nitric acid, and in pretty 
concentrated sulphuric acid, but it is discomposed and dissolved 
when boiled in the most concentrated sulphuric acid or in hy- 
drochloric acid ; no gas is evolved, but ammonia and chloride 
of mercury are found in the acid solution. The compound 
NHg3 is not isolated by passing ammonia over the heated 
red compound. Mercury conducts itself in these compounds 
in the same way as potassium with ammonia, the olive- 
coloured substance produced by the action of dry ammonia 
upon potassium being the amide of potassium, 3(K.NH2), 
and the plumbago-looking substance left on heating the amide 
of potassium, when ammonia escapes, a compound of nitrogen 
and potassium, NK3.* 

5. When white precipitate is boiled in water, it is changed 
into a heavy canary-yellow powder, which Kane regards as a 
compound of the amido-chloride of mercury with oxide of 
mercury, HgCl.HgNH2.2HgO. Two atoms of water are 
decomposed in its formation, yielding the two atoms of oxy- 
gen which are found in the yellow compound, while the two 
atoms of hydrogen, added to an atom of chlorine and an atom 
of amidogen, form an atom of hydrochlorate of ammonia, 
which is found in solution : 

2(HgCl.HgNH2) +2H0= HgCl.HgNH2.2HgO-f NH^Q. 

* Mitscherlioh in Poggendorff*8 Annalen, yol. izziz. p. 409. 
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- Solutions of potash and soda convert wldte precipitate into 
the same yellow substance, while a metallic chloride is formed 
and ammonia evolved (Kane). 

The five compounds just described may be regarded as salts 
of metalloidal radicals formed from ammonium (NHJ in 
which the whole or part of the hydrogen is replaced by an 
equivalent quantity of mercury. Thus, the fusible white 
precipitate, HgCl.NHs, may be regarded as a chloride of 

{XT 
TT^ ; the preceding compound, 

2HgCl.NH3, as a double chloride consisting of the same 
compound united with chloride of mercury, namely as 

ClHg + Cl.N I tt' ; similarly, infusible white precipitate, 

{TT 

the yellow powder obtained by boiling this compound with 
water is a chloride of tetramercwammoninm combined with 
two atoms of water, = ClNHg^ + 2H0 ; and the red com- 
pound, 2HgCl.NHg3, may be regarded as a compound of 
this same chloride with chloride of mercury, namely as 
ClHg.ClNHg^. 

Oxychloride of mercury, — When a solution of corrosive 
sublimate is precipitated by potash or soda, mercuric oxide 
goes down, in combination with a portion of chloride, as a 
brown precipitate, unless a considerable excess of alkali be 
employed. The same oxychloride is produced by an alkaline 
carbonate; but a double carbonate is then also formed. 
Chloride of mercury is not immediately precipitated by the 
bicarbonates of potash and soda ; and hence that salt may be 
employed to detect the presence of a neutral alkaline car- 
bonate in these bicarbonates. This oxychloride may also be 
formed by passing chlorine through a mixture of water and 
oxide of mercury. It may be o1)tained crystalline and of a 
very dark colour, almost black, by mixing corrosive subli- 
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mate with chloride of lime^ and boiling the liquid^ or by 
treating a solution of corrosive sublimate with bicarbonate of 
potash, and allowing the solution to stand in an open vessel, 
when carbonic add gradually escapes, and the compound 
HgCl . 4HgO is deposited. This oxychloride is decomposed 
by a moderate heat, chloride of mercury subliming, while the 
red oxide remains. 

SulphocTUoride of mercury, HgC1.2HgS. — When hydro- 
sulphuric acid gas is passed through a solution of chloride of 
mercury, the precipitate which first appears, and does not 
subside readily, is white ; it has been shown by Rose to be a 
compound of chloride and sulphide of mercury* This sub- 
stance is changed enturely into sulphide of mercury, when 
left in water containing hydrosulphuric acid. On the other 
hand, precipitated sulphide of mercury digested in a solution 
of chloride of mercury, takes down that salt, and forms the 
compound in question. The same compound may be formed 
in the dry way, by fusing protosulphide of mercury (either 
black or red) with eight or ten times its weight of corrosive 
sublimate, in a sealed tube, and dissolving out the excess of 
chloride by boiling water ; the sulphochloride then remains 
in the farm of a dirty-white powder having a distinctly crys- 
talline structure (B. Schneider). Sulphide of mercury com- 
bines likewise with the bromide, iodide, fluoride, and nitrate 
of mercury, and always in the proportion of two atoms of the 
sulphide to one atom of the other salt. 

Dovile saUa of chloride of mercury. — Chloride of mercury 
was found by M. Bonsdorfi^ to combine with chloride of potas- 
sium in three different proportions, forming a series of salts in 
which the chloride of potassium remains as one equivalent,* 
while the chloride of mercury goes on increasing. They are 
KCl.HgCl.HO, which crystallises in large transparent rhom- 
boidal prisms ; KCl . 2HgCl . 2H0 crystallising in fine needle- 
like amianths; and KCl+4HgCl+4HO, which crystallises 
also in fine needles. • Chloride of sodium forms only one com- 
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pounds NaCl . 2HgCl . 4HO^ which crystallises in fibie regular 
hexahedral prisms. One of the double salts of chloride of 
ammonium has long been known as sal alembroth. It crystal- 
lises in flattened rhomboidal prisms, NH^Cl . HgCl . HO, 
and is isomorphous with the corresponding potassium salt. 
When exposed to dry air, it gives off its water without change 
of form. Kane has also obtained NH4CI . 2HgCl, and the 
same with an atom of water, NH4CI . 2HgCl . HO, the first 
in a rhomboidal form, and the second in long silky needles. 
All these double chlorides are obtained by dissolving their 
constituent salts together in the proper proportions. The 
chhridea of barium and strontium form well-ciystaUised com- 
pounds with chloride of mercury ^ viz. BaCl.2HgCl.4HO, 
and SrCl . 2HgCl . 2H0. Chloride qf calcium combines in 
two proportions with mercuric chloride. When chloride of 
mercury is dissolved to saturation in chloride of calcium, 
tetrahedral crystals separate firom the solution, which are 
tolerably persistent in air, and contain CaCl . 5HgCl . 8H0. 
After the deposition of these crystals, the liquid yields, when 
evaporated by a gentle heat, a second crop of large prismatic 
crystals, Ca CI . 2HgCl . 6H0, which are very deliquescent. 
Chloride of magnesium also forms two salts, MgCl . 3HgCl . HO, 
and MgCl . HgCl . 6H0, both deliquescent. Chloride of nickel 
gives two compounds, one of which crystallises in tetrahedrons, 
like the chloride of calcium salt. Chloride of manganese 
forms a compound in good crystals, MnCl . HgCl . 4H0. The 
chlorides of iron and zinc form similar isomorphous salts, 
FeCl . HgCl . HO, and ZnO . HgCl . HO. The double chlo- 
rides of zinc and of manganese are remarkable in one respect, 
that chloride of mercury dissolved by them in excess crystallises 
by evaporation in fine large crystals, such as cannot be obtained 
in any other way. The chlorides of cobalt^ nickel, and copper 
form similar crystaUisable salts; but chloride of lead does 
not appear to form a double salt with chloride of mercury. 
(Bonsdorff.) 
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Mercuric chloride likewise forms definite compounds with 
alkaline chramates. A hot solution of equal parts of mercuric 
chloride and bichromate of ammonia deposits^ on cooling, 
large hexagonal prisms^ of a splendid red colour, containing 
NH40.2Cr03+HgCi + HO, and the mother-liquor deposits a 
farther crop of red, somewhat needle-shaped crystals, contain- 
ing 3(NH40.2Cr03)+HgCL (Richmond and Abel.*) Mono^ 
chromate of potash forms with mercuric chloride a brick-red 
precipitate of mercuric chromate ; and, on evaporating the 
filtered liquid, small pale red crystals are obtained of a double 
salt, containing KO . Cr03+ HgCl. A solution of equivalent 
quantities of mercuric chloride and bichromate of potash yields 
beautiful red pointed crystals, containing KO . 2Cr03 + HgCl. 
(Darby .f) On mixing the cold saturated aqueous solutions 
of acetate of copper and mercuric chloride, and leaving the 
mixture to evaporate, deep blue, concentric, radiated hemi- 
spheres are obtained, containing CuO . C4H3Cu04-f HgCl. 
(Wohler and Hutteroth.)t 

Protobromide of mercury ^Mercuric bromide, HgBr; 180 or 
2250. — ^This salt is obtained by treating mercury with water 
and bromine. It is colourless, soluble in water and alcohol, 
and when heated, fuses and sublimes, exhibiting a great ana- 
logy to chloride of mercury in its properties. Its density in 
the state of vapour is 12370. Bromide of mercury forms a 
similar compound with sulphide of mercury HgBr . 2HgS, 
which is yellowish. It was also combined, by BonsdorfiP, with 
a variety of alkaline and earthy bromides. Bromide of mer- 
cury combines with half an equivalent of ammonia, in the 
dry way, and also gives, with solution of ammonia^ a white 
precipitate, analogous to that derived &om chloride of mer- 
cury. 

Protiodide of mercury, mercuric iodide, Hgl, 226*36 or 
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2829'5. — ^Falls as a precipitate of a fine scarlet colour, wlien 
iodide of potassium is added to a solution g( chloride of mer- 
cury. It may also be obtained by triturating its constituents 
together, in the proper proportion, with a few drops o( alcohcd. 
To procure it in crystals, Mitscherlich dissolves iodide of mer- 
cury to saturation, in a hot concentrated solution of the iodide 
of potassium and mercury, and allows the solution to cool 
gradually. Wben heated moderately, mercuric iodide beocnnes 
yellow ; at a higher temperature, it fuses and sublimes, con- 
densing in rhomboidal plates of a fine yellow colour. The 
forms of the red and yellow crystals are totally different, so 
that the change of colour is due to the dimorphism of mer- 
curic iodide. The yellow crystals generally return gradually 
into the red state when cold ; and this change may be deter- 
mined at once by scratching the surfiace of a crystal, or by 
crushing it. The density of mercuric iodide in the state of 
vapour is 15630 ; it is the heaviest of gaseous bodies. Mer- 
curic iodide is slightly soluble in water, but requires more 
than 6000 times its weight of water to dissolve it. It is much 
more soluble in alcohol and in acids, particularly with the 
assistance of heat. Mercuric iodide is very soluble in iodide 
of potassium ; it is also dissolved by a solution of mercuric 
chloride, especially when hot. Hence, when a few drops of 
iodide of potassium solution are added to a solution of corro- 
sive sublimate, a precipitate is formed, which redissolves on 
agitating the liquid ; a somewhat larger quantity of iodide of 
potassium renders the precipitate permanent ; and a still 
further addition causes it to disappear entirely. 

When treated with sulphuretted hydrogen water, mercuric 
iodide forms the compound Hgl.SHgS, which is yellow. 
Mercuric iodide unites with other iodides, and forms a class 
of salts as extensive as the compounds of chloride of mercury. 
They have been studied by M. P. Boullay.* Mercuric iodide 

• Ann. Ob. Phye. [2], xxxiv. 387. 
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also combines with chlorides; it is dissolved by a hot solution 
of mercuric chloride, and twb compounds have been obtained 
on the cooling of the solution, viz., a yellow powder, Hgl . HgCl, 
and white dendritic crystals, HgI.2HgCl. 
Mercuric iodide treated with very strong aqueous ammonia 

forms the compound NHgHg . I ; with somewhat less concen- 
trated ammonia it yields white needles of the compound 

A 

NH3.2HgI or NHgHgl + Hgl, and a red-brown powder con- 
sisting of iodide of tetramercurammonium with 2 eq. water 
NHg4l + 2HO. The formation of this last compound is 
represented by the equation : 

4HgI + 4NH3 + 2H0 = NHg J . 2HO + 3NH J. 

Iodide of tetramercurammonium is also formed by passing 
ammoniacal gas over mercuric oxy-iodide : 

Hgl . 3HgO + NH3 = NHgJ . 2H0 + HO ; 

by digesting the chloride of tetramercurammonium in aqueous 
iodide of potassium (Bammelsberg) ; and by adding ammonia 
to a solution of iodide of mercury and potassium mixed with 
caustic potash (Nessler *) : 

4(HgI . KI) + NH3 + 8K0 = NHg J . 2H0 + 7KI + HO. 

This last reaction affords an extremely delicate test for am- 
monia. A solution of iodide of mercury and potassium is 
prepared by, adding iodide of potassium to a solution of 
corrosive sublimate, tiU a portion only of the resulting red 
precipitate is redissolved, then filtering, and mixing the 
filtrate with caustic potash. The liquid thus obtained pro- 
duces a brown precipitate with a very small quantity of 
ammonia, either free or in the form of an ammoniacal salt. 
The precipitate is soluble in excess of iodide of potassium 
(Nessler). 

• Ohem. Gas. 1856, 445. 463. 
z 2 
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Mercuroso-mercuric iodide , Hg^I, or Hg3l.2HgI. — Thk 
compound is obtained by precipitating a solationof mercorous 
nitrate with hydriodic acid or iodide of potassinm, and col- 
lecting the precipitate on a filter after the green colour has 
changed to yellow ; or by dissolving in aqueous iodide of 
potassium half as much iodine as it already contains^ and 
adding the solution to a solution of mercurous nitrate. It is 
a yellow powder, which turns red when heated. 

Cyanide of mercury, HgCy, 126 or 1575. — This salt is 
most easily obtained by saturating hydrocyanic acid with red 
oxide of mercury. To prepare the hydrocyanic acid required, 
the process of Winkler may be followed. Fifteen parts of 
ferrocyanide of potassium are distilled with 13 parts of oil 
of vitriol diluted with 100 parts of water, and the distillation 
continued by a moderate heat nearly to dryness. The vapour 
should be made to pass through a Liebig's condensing tube, 
and be afterwards received in a flask containing 30 parts of 
water. A portion of the condensed hydrocyanic acid is put 
aside, and the remainder mixed with 16 parts of oxide of mer- 
cury in fine powder, and well agitated till the odour of hydro- 
cyanic acid is no longer perceptible. The solution is drawn 
off from the undissolved oxide of mercury, and the reserved 
portion of hydrocyanic acid mixed with it. The last addition 
is necessary to saturate a portion of oxide of mercury, which 
cyanide of mercury dissolves in excess. This operation yields 
12 parts of the salt in question. 

Cyanide of mercury may also be obtained by boiling 1 pt. 
of ferrocyanide of potassium for ten minutes with 2 pts. of 
neutral mercuric sulphate and 8 pts. of water, filtering the 
liquid, and leaving it to crystallise by cooling. The reaction 
may be represented by the equation : 

KaFeCyg + 3HgO = SHgCy + 2K0 + FeO. . 

A third method of preparing this compound is to heat the red 
oxide of mercury with about an equal weight of pure and 
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finely pounded Prussian blue, and a large quantity of water, 
stirring the mixture frequently; then boil the filtrate with 
oxide of mercury to thix)w down the last portions of iron; and 
neutralise the excess of mercuric oxide in the liquid with 
hydrocyanic acid. 

Cyanide of mercury crystallises in square prisms which are 
anhydrous, and resembles chloride of mercury in its solubility 
and poisonous qualities. The red oxide of mercury, even 
when dry, absorbs hydrocyanic add, with formation of water 
and evolution of heat. The affinity of mercury for cyanogen 
appears to be particularly intense, oxide of mercuiy decom- 
posing all the cyanides, even cyanide of potassium, and libe- 
rating potash. Cyanide of mercury is consequently not 
precipitated by potash. Nor is it decomposed by any add, 
with the exception of hydrochloric, hydriodic, and hydrosul- 
phuric adds. By a heat approaching to redness, cyanide of 
mercury is decomposed, and resolved into mercury and 
cyanogen gas. When exposed in the moist state to the 
action of chlorine in a dark place, it is converted into mer- 
curic chloride and gaseous chloride of cyanogen : 

HgCy -f- 2C1 = HgCl + CyCl. 

But in strong sunshine, a different action takes place, attended 
with considerable rise of temperature, and yielding sal-am- 
moniac, mercuric chloride, a peculiar yellow oil, a small quan- 
tity of gaseous chloride of cyanogen, and a trace of carbonic 
acid (Serullas). When hydrocyanic acid is digested upon 
mercurous oxide, the mercuric cyanide dissolves, and metallic 
mercury is liberated. 

Oxy cyanide of mercury, HgCy .HgO, is produced as a white 
powder intermixed with the red oxide, when hydrocyanic acid 
of considerable strength (10 or 20 per cent.) is agitated with 
red oxide of mercury in large excess. It is sparingly soluble 
in cold water, but may be dissolved out by hot water, and 
crystallises on cooling in transparent, four-sided, adcular 

28 
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prisms. When heated gentiy^ it blackens slightly, and then 
explodes (Johnston).* 

Cyanide of mercury, digested upon red oxide of mercury, 
dissolves a lai^e quantity of it, and forms, according to Kiihn, 
a tribasic cyanide of mercury, HgCy . 3HgO, which is more 
soluble in water than the neutral cyanide, and crystallises with 
less facility in small acicular crystals. 

Cyanide of mercury and potassium, KyCy . HgCy, is formed 
on dissolving cyanide of mercury in a solution of cyanide of 
potassium, and crystallises in r^ular octohedrons. Cyanide 
of mercury also forms crystallisable double salts with other 
cyanides, such as the cyanides of sodium, barium, calcium, 
magnesium, &c. It also combines with chlorides, bromides, 
iodides, and with several oxi-salts, such as chromate and 
formiate of potash, with which it forms the compounds 
2(K0 . CrOs) + HgCy and C^HKO^ . HgCy. 

Mercuric sulphate, HgO . SO3; 148 or 1850.— This salt is 
formed by boiling 5 parts of sulphuric acid upon 4 parts of 
mercury, till the metal is converted into a dry saline mass. 
Mercuric sulphate is a white crystalline salt, neutral in com- 
position, but, like most of the neutral salts of merciiry, cannot 
exist in solution. Water decomposes it, forming a dense 
yellow subsulphate, and a solution of an add sulphate. This 
subsulphate is known as turbith mineral, a name applied to it 
by the older chemists, because it was supposed to produce 
effects in medicine analogous to those of a root formerly 
employed, and known as convolvulus turpethum. The com- 
position of turbith mineral is SHgO . SO3 or HgO . SO3 -h 2HgO 
(Kane). Solution of ammonia converts both the neutral sul- 
phate and turbith mineral into a heavy powder, which Kane 
names ammonio-turbith, and finds to be HgO.SOg + Hg.NHj 
-f2HgO. It is, therefore, analogous in composition to the 
yellow powder produced by the decomposition of white pre- 

• FhO. Trans. 1839, p. 118. 
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cipitate^ and may be regarded as a sulphate of tetramercuram- 
monium with 2 eq. water : NHg4 . SO4 4- 2H0. 

Mercuric sulphites. — ^The neutral sulphite, HgO . SO2, may 
be formed by precipitating the nitrate, HgO . NO5, with an 
alkaline sulphate ; but it is very unstable, and resolves itself 
spontaneously into mercuric sulphate and metallic mercury. 
The basic sulphite, 2HgO . SO2, is obtained by precipitating 
a solution of the basic nitrate, 2HgO . NO5, with an alkaline 
sulphite. It is a white, heavy powder, insoluble in water, and 
changing, when slightly heated, into mercurous sulphate; 
2HgO. S03=:Hg20. SO3. Iodide of potassium converts it 
into red mercuric iodide (P^an de St. Gilles).* A bisulphite, 
HgO . 2SO2 + HO, is obtained as a white crystalline powder 
by pouring a saturated solution of bisulphite of soda on solid 
mercuric chloride. It dissolves readily in water, and is de- 
composed by heat, whether in solution or in the solid state, 
with separation of metallic mercury (Wicke).t By treating 
mercuric chloride with a solution of neutral sulphite of potash, 
a double salt, HgO . 80, + HO, is obtained in small needle- 
shaped crystals, whose solution is neutral to test-paper. 
Similar salts are formed with the neutral sulphites of soda 
and ammonia. By treating mercuric chloride in excess with 
neutral sulphiteof soda, thesalt,2 (HgO. SO,) + NaO.SO, + HO, 
is obtained, which is alkaline to test-paper. The solutions of 
these double sulphites are precipitated by hydrosulphuric acid 
and soluble sulphides, but not by alkalies. (Pean de St. 
Oilles.) 

Mercuric seleniate, — ^A hot aqueous solution of selenic acid 
forms with mercuric oxide prepared by precipitation, a soluble 
neutral seleniate, HgO . Se03+ HO, and a red insoluble basic 
salt, containing 2(3HgO . SeOg) + HO (Komer).t 

Mercuric selenite. — Mercuric oxide forms with aqueous 

♦ Ann. Oh. Phys. [3], xxxTi. 80. t Ann. Ch. Pharm. xct. 176. 

X Fogg. Ann. Ixzxix. 146. 
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selenioos acid^ according to Berzelius, an insoluble neutral 
and a soluble acid selenite ; according to Kohler^ on the other 
hand^ selenious acid does not form any soluble salt with mer- 
curic oxide, but only a pale yellow amorphous salt, containing 
7HgO . 4SeO,. 

Nitrates of the red oxide of mercury, Mercuric nitrateM. — 
The neutral nitrate cannot be crystallised, but it is formed in 
solution when chloride of mercury is precipitated by nitrate 
of silver. When red oxide of mercury is dissolved in nitric 
acid, or when the metal is dissolved in the same add with 
ebullition, till a drop of the solution no longer occasions a 
precipitate in water containing a soluble chloride, a subnitrate 
is formed, crystallising in small prisms, which are deliquescent 
in damp air. Its composition is expressed by the formula 
2HgO .NO5+2HO. It is the only crystallisable nitrate of 
this oxide. Decomposed by water, this salt yields a yellow 
subnitrate, which, after washing with warm but not boiling 
water, is 3HgO . NO5 + HO. When the subnitrate is pre- 
pared by boiling water, it has a red colour, and probably 
consists of 6HgO . NO5 (Kane). 

Nitrate of mercury yields several compounds when treated 
with ammonia, (a.) When a dilute and not very acid solu- 
tion of that salt is treated in the cold, with weak solution of 
ammonia not added in excess, a pure milk-white precipitate 
appears, which is not granular, and remains suspended in the 
liquid for a considerable time. It was analysed by C. G. 
Mitscherlich, and to distinguish it from some other salts con- 
taining the same constituents, may be called Mitscherlich* n 
ammonia^subnitrate. It contains 2HgO . NO5 -f HgNHj, 
{b,) The preceding compound is altered in its appearance by 
boiling water, and becomes much heavier and more granular, 
forming Soubeiran's ammonia'Subnitrate, the composition of 
which is found by Kane to be HgO . NO5 + Hg . NH^ -h 2HgO, 
or it resembles in constitution the bodies already described 
containing chlorine and sulphuric acid. This compound is 
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also formed by decomposing a dilute solution of mercuric 
nitrate with a slight excess of ammonia (Soubeiran). (c.) A 
third compound^ the yellow crystalline ammania^subnitrate, 
was obtained by C. G. Mitscherlich by boiling the ammonia 
subnitrate {a) with excess of ammonia^ and adding nitrate of 
ammonia, by which a portion of the powder is dissolved; the 
solution, as it cools and loses ammonia, yields small crystalline 
plates of a pale yellow colour. The constituents of this salt 
are 2HgO . NO5 and NH3. Kane doubles its equivalent, and 
represents it as a compound of Soubeiran's salt with nitrate 
of ammonia, as it appears to be produced by the solution of 
the former salt in the latter, (HgO . NO5 + Hg .NHj + HgO) + 
NH4O.NO5. {d.) Soubeiran^ft ammonia subnitrate (a) is 
dissolved in considerable quantity, when boiled in a strong 
solution of nitrate of ammonia, and the solution deposits, on 
cooling, small but very brilliant needles, which were observed 
and analysed by Kane. This salt, which may be called Kane's 
ammonia subnitrate, is decomposed by water, nitrate of am- 
monia dissolving, and Soubeiran's subsalt being left undis- 
solved. ' It contains the elements of 3(NH40 . NOg) and 
4HgO. Kane believes that it is most likely to contain 
Soubeiran's subnitrate ready formed, which leaves two 
atoms of nitrate of ammonia and two atoms of water to be 
otherwise disposed of.* 

These ammonia-nitrates, like the corresponding chlorides 
and sulphates, may be regarded as nitrates of mercuram- 
moniums, containing one or more atoms of mercury in place 
of hydrogen. Thus, Mitscherlich's ammonia-subnitrate (a) is 

NHHgj.NOg + HO = nitrate of trimercurammonium with 
1 eq. water; Soubeiran's salt (i) is NHg4.N06 + 2HO= 
nitrate of tetramercurammonium with 2 eq. water; the crystal- 

line salt (c) is NH^Hg^ . NOg-fHO = nitrate of bimercur- 
ammonium with 1 eq. water; and (^ is a compound of (b) 

* Trans, of the Boyal Irish Academj, toI. lix. pt. i. s or, Ann. Ch. Phys. 
[2], Ixxii. 225. 
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with nitrate of ammonia and water = 2(NH4.N05) +2H0+ 
(NHg4.N06+2HO). 

Nitrate of mercury forms an insoluble compound with 
sulphide of mercury^ HgO.NOj + SHgS, resembling the 
compounds of the sulphate and chloride with sulphide of 
mercury. It also forms double Baits with iodide and cyanide 
of mercury. 

Allays of mercury or amalgams, — Mercury combines with a 
great number of metals, forming compounds called amalgams, 
which are liquid or solid according as the mercury or the 
other metal predominates. A very small quantity of a foreign 
metal suffices to impair the fluidity of mercury in a very great 
degree. All amalgams are decomposed by heat, the mercury 
volatilising and the other metal remaining. 

The union of mercury with potassium and[ sodium is 
attended with considerable disengagement of heat ; the re- 
sulting amalgams are of a pasty consistence, and decompose 
water. The amalgams of tin and lead, when heated till they 
are quite liquid, and then left to cool slowly, yield solid crys- 
talline amalgams of definite constitution. An amalgam of 
silver, Hg2Ag, is found native in the form of regular dodeca- 
hedrons. 

An amalgam of tin is used for sUvering glass. For this 
purpose a sheet of tinfoil is laid on a horizontal table, and 
mercury poured over the whole surface, so as to form a layer 
about l-6th or l-6th of an inch thick. The plate of glass 
is then slid along the surface in such a manner as to cut this 
layer in halves horizontally, which prevents the introduction 
of air-bubbles. The glass is then loaded with weights, so as 
to press out the excess of mercury ; and after a few days, the 
surface is found to be covered with a closely-adhering layer 
of an amalgam containing about 5 parts of tin to 1 of 
mercury. 

Mercury combines very readily with bismuth. An amal- 
gam obtained by heating a mixture of 497 parts of bismuth. 
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810 lead^ 177 tin^ and 100 mercury^ is very well adapted for 
injecting anatomical preparations : it is solid at ordinary tem- 
peratures^ and has a silvery lustre^ melts at 171*5 (Fah.), and 
solidifies at 140°. An amalgam of lead and tin^ sometimes 
also containing bismuth, is used for covering the cushions of 
electrical machines. 



ESTIMATION OF MERCURT, AND METHODS OF SEPARATING IT 

FROM TUB PRECEDINO METALS. 

Mercury is generally estimated in the metallic state; some-* 
times, however, as sulphide, HgS, or as dichloride, Hg2Cl. 
To separate it from its compounds in the metallic state, it 
may be distilled with quicklime, in a tube of hard glass 
sealed at one end. Into this tube is introduced, first a layer 
of carbonate of lime, about an inch long ; then the mixture 
of the substance with quicklime; lastly, a layer of qtdck- 
lime about two inches long, and a plug of asbestos to keep 
the lime in its place. The open end of the tube is next drawn 
out into a narrow neck, and bent at an obtuse angle. The 
tube is laid in a combustion-furnace, the same as that which 
is used for organic analysis (I, 373), the neck being turned 
downwards and made to pass into a narrow-mouthed bottle 
containing water, so as to terminate just above the surface of 
the water. The tube is then gradually heated by laying 
pieces of red-hot charcoal round it, beginning at the part 
near the neck, containing the pure quicklime. This portion 
having been brought to a full red heat, the heat is carefully 
extended towards the middle part, to decompose the com- 
pound and volatilise the mercury : any portion of the com- 
pound that may volatilise undecomposed, will be decomposed 
in passing over the red-hot Ume at the end. Lastly, the back 
part of the tube containing the carbonate is heated, so as to 
evolve carbonic acid gas and sweep out all the mercury vapour 
contained in the tube. The quantity of carbonic acid thus 
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evolved may be increased by nubdng tbe carbonate of lime 
with bicarbonate of soda. The mercury condenses under the 
water in the bottle, which must be kept cold. The water is 
poured off as completely as possible ; the mercury transferred 
to a weighed porcelain crucible; the greater part of the water 
which still adheres to it removed by means of blotting-paper ; 
the drying completed over sulphuric acid ; and the mercury 
finally weighed. 

Mercury may also be precipitated from its solutions in the 
metallic state by protochloride of tin, or by phosphorous acid ; 
the solution then decanted ; the mercury washed with water; 
and dried in the manner just described. 

Mercury is also frequently precipitated from its solutions, 
as a sulphide, by hydrosulphuric acid. In that case, if the 
precipitate consists of the pure protosulphide, HgS, as when 
it is thrown down fr^m a solution of corrosive sublimate, the 
precipitate may be simply collected on a weighed filter, 
washed, dried over the water-bath, weighed, and the quantity 
of mercury thence determined. But if, as is generally the 
case, the precipitate also contains free sulphur, as when it is 
thrown down from a solution containing a ferric salt, or a 
considerable excess of nitric acid, — or if it be precipitated in 
conjunction with the sulpliides of other metals, then the mer- 
cury must be separated from it by distillation with lime, as 
above described. Or again, the mixture of sulphides may be 
converted into chlorides by gentle heating in a stream of 
chlorine gas, the volatile chloride of mercury passed into 
water, and the mercury precipitated from the solution by 
protochloride of tin. 

The precipitation of mercury* in the form of dichloride is 
best effected by means of hydrochloric acid and formiate of 
potash or soda. If the mercury is contained in an alloy, the 
alloy must be dissolved in aqua-regia; if it is contained in 
solution in the form of mercuric nitrate, hydrochloric acid 
must be added, the solution, in either case, nearly neutralised 
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with potash^ formiate of potash or soda then added^ and the 
whole exposed for some days to a temperature between 140° 
and 176° F. (at the boiling heat, the mercury would be re- 
duced to the metallic state.) The dichloride then precipitates, 
and must be collected on a weighed filter, washed, dried at a 
gentle heat, and weighed. 

The quantity of mercuroua oxide present in a solution may 
also be determined by precipitation with hydrochloric acid. 
The solution must, however, be very dilute, and be kept cool ; 
it must also contain but a very small quantity of free nitric 
acid, as a larger quantity would convert the dichloride of 
mercury into protochloride. To determine the proportions 
of mercurous and mercuric oxide, when they exist together in 
solution, the mercurous oxide is first precipitated with hydro- 
chloric acid, and the remaining mercury by protochloride of 
tin or hydrosulphuric acid. 

Mercury may be separated from all other metals, except 
arsenic and antimony, by its superior volatility. When it 
exists in the form of an amalgam, the compound is simply 
heated, and the quantity of mercury determined by the loss 
of weight. If it exists as an oxide, chloride, &;c., combined 
with compounds of other metals, it may be separated by dis- 
tillation with quicklime, as above described. Its separation 
from the alkalies and earths, and from uraniuniy manganese, 
nickel, cobalt, iron, zinc, and chromium, may also be efiected 
by precipitation with hydrosulphuric add. Prom bismuth 
and cadmium it may be separated by reduction with proto- 
chloride of tin ; from copper, by mixing the solution with 
excess of cyanide of potassium, and passing hydrosulphuric 
acid through the liquid, wheVeby the mercury is precipitated 
as sulphide, while the copper remains dissolved ; from lead, 
by precipitating that metal with sulphuric acid; also by 
treating the solution with excess of cyanide of potassium, which 
precipitates the lead, but not the mercury. Prom arsenic, 
tin and antimony, mercury is separated by the solubility 
of the sulphides of those metals in sulphide of ammonium. 
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SECTION II. 

SILVER. 

Bq. 108, or 1850; Ag {argentum). 

Thifl metal is found in TariouB parts of the world, and oc- 
curring often in the metallic state, and being easily melted, 
must have attracted the attention of mankind at an early 
period. Before the discovery of America^ the silver mines of 
Saxony were of consid^able importance ; but the silv^ mines 
of Mexico and Peru far exceed in value the whole of the 
European and Asiatic mines, the former having furnished 
during the last three centuries, according to Humboldt, 316 
millions of pounds troy of pure silver. 

A considerable quantity of silver is obtained from ores of 
lead by cupellation, as described under that metal. From 
argentiferous copper ores also the silver is extracted by a pro- 
cess called Uquation, which consists in fusing the coixrse 
copper (p. 98.) with three times its weight of lead ; a mix- 
tiure of two alloys is then obtained, the more fusible of which, 
containing the greater part of the lead and nearly all the 
silver, is separated by the application of a moderate heat, and 
yields the silver by cupellation. 

Native silver, which is in the form of threads or thin leaves, 
is separated from the gangue or accompanying rock, by amah 
gamatUm, a process which is also followed in the treatment of 
the most frequent ore of silver, the sulphide, when it is not 
accompanied by sulphide of lead. At Freibei^, in Saxony, the 
sulphide of silver, ground to powder, is roasted in a reverbera- 
tory Aimace with 10 per cent, of chloride of sodium, by which 
the silver is converted into chloride. It is then introduced into 
barrels (fig. 19.), with water, iron, and a quantity of metallic 



merciuy, and the materials kept in a state of agitation for 

eighteen hours hf the revolution of the barrels on their 

axes. The chloride of silver, — j„ 

although inaoluhle, is reduced 

to the metallic, state by the iron, 

and chloride of iron is produced, 

white the silver forms a fluid 

Gompomid with the mercmy. 

By adding more water, and 

turning the barrels more slowly, 

the fluid amalgam separates and 

subsides. It is drawn off and 

subjected to pressure in a chamois leather hag, the mercury 

paamng through the leather, white a soft amalgam of silver 

remains in the hag. The mercury is afterwards separated 

finmi this amalgam by a species of distillation, per deacen- 

nan, and the silver remains. 

In South America, where fuel is scarce, a different process 
is adopted. The ore, in a finely divided and moist condition, 
is exposed for a considerable time to the successive action of 
common salt, sulphate of copper (obtained by roasting copper 
pyrites), and mercury, the materials being spread on a paved 
floor, and trodden by men or horses to effect an intimate mix- 
ture j and the silver amalgam thus obtained is separated &om 
the exhausted ore by washing with water. In this process, 
the chloride of sodium and sulphate of copper form sulphate 
of soda and protochloride of copper. The latter gives up 
chlorine,- converting part of the silver into chloride, and 
separates the sulphur, provided an excess of chloride of 
sodium is present to dissolve the didloride of copper as it 
forms. The dichtoride of copper then acts upon another 
portion of the sulphide of silver, forming disnlphide of copper 
and chloride of silver: Cu»Cl+AgS=Cu*S+AgCl. The 
chloride of silver thus produced, dissolves in the chloride of 
sodium, and is decomposed by the mercury subsequently 
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added^ yielding calomel and metallic silver. This process is 
always attended with considerable loss of mercury^ which 
however may be diminished by the previous addition of iron. 
Mr. P. Johnston proposes to diminish the loss of mercury, as 
soluble chloride, which occurs in this process, by using an 
amalgam of zinc and mercury, instead of pure mercury. 

Silver is obtained free from other metals, and in a state of 
purity, for chemical and other purposes, by the following 
processes: — 1. The metal is dissolved in pure nitric acid 
slightly diluted, and precipitated by a solution of chloride of 
sodium, the salts of the other metals present remaining in 
solution. The insoluble chloride of silver, thus obtained, is 
thoroughly washed upon a filter with hot water and dried. A 
quantity of carbonate of potash, equal to twice the weight of 
the silver, is then fused in a crucible, and the chloride of 
silver gradually added to it, whereupon chloride of potassium 
is formed, and carbonic acid and oxygen escape with effer. 
vescence. The crucible is then exposed to a heat sufficient to 
fuse the reduced silver, which subsides to the bottom. — 2. The 
mode of separating silver from the common metals, in the 
ordinary practice of assaying, is, like many metallui^c opera- 
tions, an exceedingly elegant and refined process. A portion 
of the silver alloy, the assay, is fiised with several times its 
weight of pure lead (an alloy of 1 copper and 15 silver with 
96 lead, for instance) upon a bone-earth cupel, which is sup- 
ported in a little oven or muffle, heated by a proper furnace. 
Air being allowed access to the assay, the lead is rapidly oxi- 
dated, and its highly frisible oxide imbibed, as it is produced, 
by the porous cupel. The disposition of copper and other 
common metals to oxidate is increased by the presence of the 
lead; and their oxides, which form fusible compounds with 
oxide of lead, are removed in company with the latter. TVlien 
the foreign metal is almost entirely removed, the assay is 
observed to become rounder and more brilliant, and the last 
trace of frised oxide occasions a beautiful play of prismatic 
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colours upon its surface^ after which the assay becomes^ in an 
instant^ much whiter^ ov flashes, an indication that the cupel* 
lation is completed. 

Pure silver may also be obtained firom an alloy containing 
only silver and copper, by precipitating the two metals with 
excess of carbonate of soda with the aid of heat, boiling the 
precipitate for about ten minutes with a solution of grape- 
sugar, whereby the copper is reduced to the state of red 
oxide, and the silver to the metallic state, and treating the 
moist precipitate with a hot solution of carbonate of ammonia: 
the copper then dissolves, and pure silver remains. 

Pure silver is the whitest of the metals, and susceptible 
of the highest polish; when granulated by being poured 
from a height of a few feet into water, its surface is rough, 
but its aspect peculiarly beautiful. It crystallises in cubes 
and regular octohedrons, both from a state of fusion and 
by precipitation from solution. Silver is in the highest 
degree ductile and malleable; its density varies between 
10-474 and 10-542; it fuses at 1873"*. When in the liquid 
state, it is capable of absorbing oxygen gas from the air, 
which is discharged again in the solidification of the metal, 
and gives rise to a sort of vegetation upon its surface, or 
even occasions the projection of small portions of the silver 
to a distance, an accident which is known in assaying as the 
spitting of the metal. Gay-Lussac observed, that when a 
little nitre was thrown upon the surface of melted silver in a 
crucible, and the whole kept in a state of fusion for half an 
hour, a very considerable absorption of oxygen took place. 
When the crucible was removed from the fire and quickly 
placed imder a bell-jar filled with water, which can be done 
without danger, the silver discharged a quantity of oxygen 
equal to 20 times its volume. This property is possessed only 
bjr pure rilver, and does not appear at aU in rilver con- 
taining 1 or 2 per cent, of copper. As oxide of silver is re- 
duced by a red heat, the absorption of the oxygen by the 
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ibudmeUl must be a phenaiiieDoaof adiSerait nature firom 
wnple Qxidatkm. 

Silrer doo not oombine with the oxyBai of the air at the 
nraal tempentme^ nor even when heated ; the ta miahin g of 
pcdifthed miwet in air is oecaskned by the fbmatioii of floi^ 
phide of aihrer. SilTer does not dinolTe in any hydrated acid^ 
by aobstitittion iar hydrogen, hot on the contrary ia dia- 
^aoed firom tobition in an acid by hydrogen, and precipi- 
tated in the metallic slate. This metal is also prec^tated by 
mercoiy and by all the more oxidahle metals. Ita salts are 
redooed at the nsoal temperatore 1^ sulphate of iron, the 
protoxide in which ia oonTerted into sesqaioxide. But if the 
ferric sulphate is boiled upon the precipitated silver^ the 
latter is dissolved again, and oxide of silver and protoxide of 
iron reproduced. Silver, however, is oxidated when fused or 
heated strongly in contact with substances for which oxide of 
silver has a great affinity, as with a siliceous glass^ and stains 
the glass yellow. It is oxidated by concentrated sulphuric 
add, with evolution of sulphurous add. Silver is readily 
dissolved by nitric add, at a gentle heat, and with much 
vicdence, at a high temperature, nitrate of silver being formed, 
and nitric oxide escaping. Silver combines in three propor* 
tions with oxygen, forming a suboxide, Ag^ O, a protoxide 
AgO, and a peroxide, AgOg. 

Suboxide qf silver, Ag^O. — ^Pure protoxide of silver is com- 
pletely reduced to the state of metal by hydrogen gas, at 
212^ \ but the oxide contained in dtrate of silver loses only 
half its oxygen under the same circumstances, the suboxide 
being formed and remaining in combination with one half of 
the citric add of the former salt. The aqueous solution of 
the suboxide salt is dark brown, and the suboxide is predpi« 
tated black from it by potash. When the solution of the 
subsalt is heated, it becomes colourless, and metallic silver 
appears in it. The salt dissolves with a brown colour in 
ammonia. Several other salts of silver, containing organic 
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adds^ comport themselves iu tbe same way as the citrate^ 
when heated in hydrogen.* A solution of protoxide of silver 
in ammonia deposits on exposure to the air, a grey suboxide, 
containing 108 parts of silver to 5 '4 parts oxygen. When 
heated, it gives off oxygen and leaves metallic silver (Fara* 
day).t 

Protoxide of silver, AgO, 116 or 14f50. — This oxide is 
thrown down, when potash or lime-water is added to a solution 
of nitrate of sQver, as a brown powder, which becomes of a 
darker colour when dried. The powder was found to be 
anhydrous by Gay-Lussac and Th^nard; its density is 7*143, 
according to J. Herapath ; 7'350, according to P. BouUay ; 
8*2558, according to Earsten. Oxide of silver is decomposed 
by light, or at a red heat, into oxygen gf» and metallic silver. 
Hydrogeh reduces it even at 212^. It is also reduced by an 
aqueous solution of phosphorous acid. When recently preci* 
pitated, it is decomposed by aqueous sulphurous acid, yielding 
metallic silver and sulphate of silver ; but the decomposition 
is only partial, even when aided by heat. When immersed in 
water, it is reduced by sine, cadmium, tin, and copper, but not 
by iron or mercury. In an aqueous solution of hypochlorous 
acid, it is converted into chloride of silver, oxygen beii^ 
evolved together with a small quantity of chlorine. 

Oxide of silver is a powerful base, and forms salts, several 
of which have been found isomorphous with the corresponding 
salts of soda. Like oxide of lead, it dissolves to a small 
extent in pure water firee from saline matter, and the solution 
has an alkaline reaction. Oxide of silver is not dissolved by 
solutions of the hydrates of potash and soda. Its salts are 
predpitated black by hydrosulphuric acid and alkaline mU 
pfddea. When treated with hydrochloric acid or a soluble 
cUoride, they yield a white curdy precipitate, the chloride of 
sQver, which soon becomes purple, if exposed, while moist, to 

• Ann. Oh. Fharm. xxx. 1. t Ann. Ch. ?liy». [2], ix. 107. 
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the direct rays of the sun. This precipitate is not dissolved 
by nitric acid, but is dissolved by ammonia in common with 
most of the insoluble salts of silver. This precipitate is 
visible^ according to Lassaigne^ even in solutions containing 
only 1 part of siLver in 800,000 parts of liquid. In a solution 
containing 1 part of silver in 200,000 parts, hydrochloric acid 
or common salt produces a slight turbidity ; with 1 part of 
silver in 400,000, the same reagents produce a scarcely per- 
ceptible opalescence ; and if the proportion of liquid amoimts 
to 800,000 parts, the opalescence does not show itself for a 
quarter of an hour. Hydrobromic add and soluble metallic 
bromides, added to solutions of silver- salts, throw down all the 
silver in the form of yellowish white bromide, insoluble in 
nitric acid, and sparingly soluble in ammonia. Hydriodic 
acid and soluble iodides form a pale yellow precipitate of 
iodide of silver, likewise insoluble in nitric add, and still less 
soluble in ammonia. Hydrocyanic acid and soluble cyanides 
throw down a white precipitate of cyanide of silver, easily 
soluble in ammonia, insoluble in cold dilute nitric acid, but 
dissolved by strong nitric acid at a boiling heat, with evolu- 
tion of nitric oxide. Ammonia added in very small quantity 
to perfectly neutral silver-salts, produces a slight brown pre* 
cipitate of oxide of silver, easily soluble in excess; but if the 
solution contains excess of acid, ammonia produces no preci- 
pitate. Potash added to the ammoniacal solution produces a 
white precipitate, provided the excess of ammonia be but 
small. The fia^ed alkalies form, in neutral or acid solutions of 
silver-salts, a brown precipitate of oxide of sUver, insoluble 
in excess. Alkaline carbonates precipitate white carbonate 
of silver, soluble in ammonia and carbonate of ammonia. 
Ordinary tribasic phosphate of soda forms a yellow precipi* 
tate; pyrophosphate and metaphosphate of soda form white 
precipitates. Chromate of potash forms a dark crimson pre- 
cipitate of chromate of silver. Alkaline arsenites form a 
canary-yellow precipitate of arsenite of silver. Oxalic acid 
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forms a white pulverulent precipitate of oxalate of silver. 
Silver is precipitated from its solutions in the metallic state 
\}j phosphorus, phosphorous acid, phoythuretted hydrogen, and 
sulphurous add (imperfectly) ; by various metals, viz., zinc, 
cadmium, tin, lead, iron, manganese, copper, mercury, bis- 
mnth, tellurium, antimony, and arsenic ; also by protoxide of 
uranium, hydrated protoxide of manganese, and protoxide of 
tin; and by various organic stibstances at a boiling heat, 
e. g., charcoal, sugar, aldehyde, formic acid, tincture or infusion 
of galls, and volatile oils. Many oi^anic substances added to 
a solution of nitrate of silver mixed with excess of ammonia, 
throw down metallic silver in the form of a beautiful specular 
film lining the sides of the vessel. This effect is produced by 
aldehyde, saccharic acid, salicylous acid, pyromeconic acid, 
and various essential oils. A mixture of oil of cinnamon and 
oil of cloves is found to produce an exceedingly brilliant 
speculum, and has indeed been used for silvering mirrors in 
place of the ordinary process with tin and mercury ; it is par- 
ticularly adapted for silvering curved surfaces. A very bright 
and regular specular surface is also produced by adding a 
solution of milk-sugar to an ammoniacal solution of nitrate of 
silver mixed with caustic potash or soda; the precipitation 
then takes place without the application of heat (Liebig).* 

Oxide of silver combines with ammonia and forms the ful- 
minating ammoniuret of silver, a substance of a dangerous 
character firom the violence with which it explodes. The 
ammoniuret may be formed by digesting newly precipitated 
oxide of silver in strong ammonia, or more readily by dis- 
solving nitrate of silver in ammonia, and precipitating the 
liquor by potash in slight excess. If this substance be pressed 
by a hard body, while still moist, it explodes with unequalled 
violence ; when dry, the touch of a feather is often sufficient 
to cause it to fulminate. The explosion is Obviously occa- 

* Ann. Ph. Phann. xcyiii. 132* 
A A 3 



386 SILVER. 

sioned by the reduction of the silver firom the combination of 
its oxygen with the hydrogen of the ammonia^ and the evolu- 
tion of nitrogen gas. 

Sulphide qf silver, AgS^ 124 or 1550, — Sulphur and silver 
may be combined together by fusion ; the excess of sulphur 
escapes^ and at a high temperature the sulphide melts; it 
forms^ on coolings a crystalline mass. This compound has a 
lead-grey colour and metallic lustre. It is so soft that it may 
be cut with a knife, and is malleable. The sulphide of silver 
is also remarkable for conducting electricity, like a metal, 
when warmed. The same compound occurs in nature, some- 
times crystallised in octohedrons with secondary faces. This 
sulphide is particularly interesting from being isomorphous 
with the subsulphide of copper, AgS with CugS (page 144). 
These two sulphides replace each other in indeterminate pro* 
portions in several double sulphides of silver and other metals, 
as in polybasite and fahUorea, the composition of which may 
be expressed by the following formulse, the symbols placed 
above each other representing constituents, of which either 
the one or the other may be present : 

Polybasite . 9^^^ +2^3 



Fahl^ores 



/ ZnS SbS3\ / AgS SbS3\ 
V^FeS ^ AsSj + -^V^CujS + AsSj/ 



Chloride of silver, AgCl, 143-5 or 1798-75. — This salt 
contains in 100 parts, 24-69 parts of chlorine, and 75*81 
parts of silver. It is found native as horn-silver, in trana- 
lucent cubes or octohedrons of a greyish-white colour, and 
specific gravity 5*55. The same compound is also thrown 
down as a white precipitate, at first very bulky and curdy, 
when hydrochloric acid or a soluble chloride is added to any 
soluble salt of silver, except the hyposulphite. It is wholly 
insoluble in water, and the most minute quantity of hydro- 
chloric acid contained in water may be detected by adding to 
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it a drop of a solution of nitrate of silver (p. 836.) Hydro* 
chloric acid, when concentrated, dissolves chloride of silver^ 
which crystallises from it in octohedrons, when the solution 
is evaporated. This salt dissolves easily in solution of am- 
monia, and crystallises also as the ammonia evaporates. When 
heated, it fuses at about 500°, forming a transparent yellowish 
liquid, which becomes, after cooling, a mass that may be cut 
with a knife, and has considerable resemblance to horn: a 
property to which it was indebted for the name of hom^ver, 
applied to it by the older chemists. It is not volatile* 
Chloride of silver is not affected by a concentrated solution 
of potash. It is easily reduced to the state of metal by zinc 
or iron with water. Chloride of silver may be dissolved out 
in this way by means of sine and acidulated water, from a 
porcelain crucible in which it has been fused. To obtain 
pure silver by this mode of reduction, it is necessary to use 
zinc free from lead, otherwise that metal, not being dissolved 
by the sulphuric acid, remains mixed with the silver. A 
better mode of reduction is to boil the chloride of silver with 
an equal weight of starch-sugar and a solution of one part of 
carbonate of soda in three parts of water (Bottger). The 
chloride and other salts of silver acquire a dark colour when 
exposed to light ; chlorine escapes, and a portion of the salt 
appears to be reduced to the metallic state, as the blackened 
surface conducts electricity. According to Wetzlar, the black 
substance contains an inferior chloride of silver, and is not 
attacked by nitric acid, or soluble in ammonia. It has also 
been supposed that the blackening is due, not to any chemical 
decomposition, but merely to a change in the state of aggre- 
gation of the particles. It appears, however, from some recent 
experiments by Dr. F. Guthrie, that the chloride is com- 
pletely decomposed and metallic silver separated, even in 
presence of free nitric acid. Paper charged with chloride of 
silver is very sensitive to the impression of light, and is the 
material UAed for positive photographs, the unaltered chloride 

▲ A 4 



888 SILVER. 

being afterwards dissolved out by a solution of hyposulpliite 
of soda. 

One hundred parts of chloride of silver absorb 17*9 parts of 
ammoniacal gas, forming the compound^ 8NH3 . 2AgClj or 

N HCNHJaAgj q^ rpj^j^ compound gives off its ammonia 

in the air. Chloride of silver is dissolved by concentrated 
and boiling solutions of the chlorides of potassium^ sodium^ 
and ammonium, and, on cooling, a double salt is deposited in 
crystals, generally cubes. Chloride of silver is also dissolved 
by cyanide of potassium, and the solution yields a double salt 
by evaporation (Liebig). 

Bromide of silver, AgBr, 188 or 2350. — This salt consists 
in 100 parts, of 42*56 bromine and 57*44 silver. It is found 
native in Mexico and in Bretagne; sometimes in small 
amorphous masses, sometimes in greenish-yeUow octohedral 
crystals. It is insoluble in water, and falls as a precipitate 
which is white at first, but becomes pale yellow when col- 
lected. When fused and cooled, it yields a mass of a pure 
and intense yellow colour. It has most of the properties of 
chloride of silver, but dissolves very sparingly in ammonia. 

Iodide of silver, Agl, 234*36 or 2929*5. — This salt con- 
tains in 100 parts, 53*87 of iodine and 46*13 of silver. It is 
found native, sometimes in regular hexagonal prisms. It is 
insoluble in water, like the chloride, and is prepared in a 
similar manner by precipitation, but is distinguished from 
that salt by its colour, which is pale yellow, by the difficulty 
with which it is dissolved in ammonia, being even less soluble 
than the bromide, and by being blackened more slowly by the 
action of light. According to Martini^ 2500 parts of am* 
monia, of density 0*960, are required to dissolve one part of 
iodide of silver. It is soluble to a large extent, at the boiling 
temperature, in concentrated solutions of the alkaline and 
earthy iodides, and forms with them double salts. 

Silver is rapidly dissolved by hydriodic acid, with evolution 
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of hydrogen. If the action is assisted by heat^ the solution 
deposits, on cooling, a colourless crystalline salt, resembling 
nitrate of silver, but decomposing as soon as it is sepa- 
rated £rom the liquid : it appears to consist of an iodide of 
silver and hydrogen. The mother-liquor, -when left to itself^ 
deposits iodide of silver in large regular six-sided prisms, 
resembling the native iodide (H. Ste.-Claire Deville).* 

Fluoride of silver^ AgF, is obtained by dissolving the oxide 
or carbonate in hydrofluoric acid. It is very soluble in urater, 
and is partly decomposed by evaporation. 

Cyanide of silver, AgCyj 134 or 1675. — This salt contains, 
in 100 parts, 19*41 cyanogen and 80*59 silver. It falls as a 
white powder when hydrocyanic acid is added to a solution of 
nitrate of silver. It is distinguished from chloride of silver 
by dissolving in concentrated nitric and sulphuric acids, when 
heated. It is readily decomposed by hydrochloric acid, and 
yields hydrocyanic acid, 100 parts of cyanide of silver giving 
20*36 parts of hydrocyanic acid. It is decomposed by a red 
heat, giving off half its cyanogen and leaving paracyanide of 
silver, AggCyg. Cyanide of silver is dissolved by cyanide 
of potassium, and other soluble cyanides. The double cy- 
anide of potassium and silver crystallises in octohedrons, 
KCy . AgCy. 

Carbonate of silver, AgO.CO^, is a white insoluble powder. 

Sulphate of silver, AgO.SOj; 156 or 1950.— Obtained by 
dissolving silver, with heat, in concentrated sulphuric acid, or 
by precipitating a solution of nitrate of silver with sulphate 
of potash. It is soluble in 88 times its weight of boiling 
water, and crystallises, on cooling, in the form of anhydrous 
sulphate of soda. This salt is highly soluble in ammonia, 
and gives, by evaporation, an ammoniacal sulphate of silver 
in fine transparent crystals, which are persistent in air; 

AgO.SOj + 2NH3, or NH2(NH4) Ag . SO4. Chromate and 

* Oompt. Tend. zlii. S94« 
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seleniate of silrer form aaalogotis compoonds with am- 
monia^ which are all isomorphous. The bichromate of silver 
is also isomorphous with bichromftte of soda. 

HypomUphctte of nher^ AgO.S^Oji is soluble in water, and 
crystallises in the same form as hyposulphate of soda. It 
crystallises also with ammonia, as AgO . S^Os 4* 2NH3, or 

N H,(NHJ Ag . SA. 

Hyposulphite of silver, AgO. SaO^. — Hyposulphurous acid 
appears to have a greater affinity for oxide of silver than for 
any other base. Oxide of silver decomposes the alkaline 
hyposulphites, liberating one-half of their alkali, and forming 
a double hyposulphite of the alkali and silver. These double 
salts are best prepared by adding chloride of silver in small 
portions to the soluble hyposulphite of potash, soda, ammonia, 
or lime in the cold, till the liquid is saturated ; after which, 
the solution is filtered, and mixed with a large quantity of 
alcohol, which precipitates the double salt; the potash and 
soda salts are crystallisable. Herschel considers the double 
salts obtained in this manner as probably containing one eq. 
of hyposulphite of silver to two eq. of the other hyposulphite. 
The solution of one of these double salts dissolves more oxide 
of silver, and forms a double salt, which is believed to 
contain single equivalents of the salts, and precipitates as a 
white crystalline, pulverulent, bulky mass. The second com- 
pound is sparingly soluble in water, but dissolves in ammonia, 
and communicates to the liquor an intensely sweet taste. 

The hyposulphite of silver itself is an insoluble substance ; 
it is prone to undergo decomposition, changing spontaneously 
into sulphate and sulphide of silver. When to a dilute solu- 
tion of nitrate of silver, a dilute solution of hyposulphite of 
soda is added by small quantities, a white precipitate of hypo- 
sulphite of silver falls, which dissolves again in a few seconds, 
from the formation of the soluble double hyposulphite of soda 
and silver. When enough of hyposulphite of soda has been 
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gradually added to render the precipitate permanent^ without, 
however, decomposing the whole silver salt, a flocculent mass 
is obtained of a dull grey colour, which is permanent. The 
liquor contains much hyposulphite of silver, and has an in- 
tensely sweet taste, not at all metallic ; the silver is not pre* 
cipitated firom it by hydrochloric acid or the chlorides. An 
excess of hyposulphite of soda destroys the precipitated hypo* 
sulphite of silver, converting it into sulphide of silver. 

Nitrate of silver, AgO . NO5 ; 170 or 2125. — ^When a piece 
of pure silver is suspended in nitric acid, it dissolves for a 
time without effervescence at a low temperature, nitrous acid 
being produced, which colours the liquid blue ; but if heat be 
applied or the temperature allowed to rise, then the metal dis- 
solves with violent effervescence, from the escape of nitric 
oxide. The nitrate of silver crystallises on cooling in colour- 
less tables, which are anhydrous. It is soluble in 1 part of 
cold, in i part of hot water, and in 4 parts of boiling alcohol. 
The solution of this salt does not redden litmus paper, like 
most metallic salts, but is exactly neutral. Nitrate of silver 
fuses at 426^, and forms a crystalline mass on cooling ; it is 
cast into little cylinders for the use of surgeons. It is some- 
times adulterated in this state with nitrate of potash, which 
may be detected by the alkaline residue which the salt then 
leaves when heated before the blowpipe, — or with nitrate of 
lead, in which case the solution of the salt is precipitated by 
iodide of potassium, of a fuU yellow colour. When applied to 
the flesh of animals, it instantly destroys the organisation and 
vitality of the part. It forms insoluble compounds with many 
kinds of animal matter, and is employed to remove it from 
solution. When oi^anic substances, to which a solution of 
nitrate of silver has been applied, are exposed to light, they 
become black from the reduction of the oxide of silver to the 
metallic state. A solution of nitrate of silver in ether is em- 
ployed to dye the hair black. One part of nitrate of silver 
and 4 parts of gum arabic dissolved in 4 parts of water, and 
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blackened with a small quantity of Indian ink^ form the inde- 
lible marking ink used to write upon linen. The part of the 
linen to be marked should be first wetted with a solution of 
carbonate of soda and dried^ and the writing should be exposed 
to the light of the sun. For this ink^ which is expensive, another 
liquid has been substituted by bleachers^ namely coal tar, made 
sufficiently thin with naphtha to write with, which is found to 
resist chlorine, and to answer well as a marking ink. 

A strong solution of nitrate of silver absorbs two equivalents 
of ammoniacal gas, and forms the crystallisable Ammomacal 

nitrate of silver, AgO.N05 + 2NH3=N H^CNHJ Ag . NOg. 
The dry nitrate in powder absorbs three atoms of ammonia, 

AgO.N05+3NH3=NH(NH4)jAg\ NOg. 

Nitrate of silver forms a double salt with nitrate of the red 
oxide of mercury, which crystallises in prisms. Nitrate of 
silver and cyanide of mercury also form a double salt, when 
hot solutions of them are mixed : AgO.N05 + 2HgCy + 8HO. 
Cyanide of silver is soluble in a boiling solution of nitrate of 
silver, and forms a crystalline compound, AgO.NOg + ZAgCy, 
which is decomposed by water. 

Nitrite of silver, AgO . NO3 ; 1 54 or 1925. — Nitrate of 
soda is fused at a red heat, till it is wholly converted into ni- 
trite by loss of oxygen ; the latter salt then begins to give off 
nitrous acid, and a small portion of the salt dissolved in water 
will be found to precipitate silver brown. The fusion is then 
interrupted, the salt dissolved in boiling water, precipitated 
by nitrate of silver, and filtered while still very hot. The 
nitrite of silver, which requires 120 times its weight of water 
at 60° to dissolve it, is precipitated as the solution cools. ^The 
other nitrites are prepared by rubbing this salt in a mortar 
with chlorides taken in equivalent quantities. It appears 
from experiments of Proust, that two subnitrites of silver 
exist, one soluble and the other insoluble. 

Acetate of silver, which is soluble in 100 times its weight 
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of cold water^ is precipitated when acetate of copper is mixed 
with a concentrated solution of nitrate of silver. It crys- 
tallises from solution in boiling water in anhydrous needles. 

Oa^alate of silver is an insoluble powder. A double owalate 
of potash and silver is formed by saturating binoxalate of 
potash with carbonate of silver. It is very soluble^ and 
forms rhomboidal crystals, which are persistent in air. 

Peroxide of silver. — A superior oxide of silver is deposited 
upon the positive pole or zincoid of a voltaic battery in a 
weak solution of nitrate of silver, in the form of needles of 
3 or 4 Unes in length, which are black and have a metallic 
lustre, while metallic silver is, at the same time, deposited in 
crystals upon the negative pole or chloroid. The former 
crystals are converted by sulphuric acid into oxide of silver 
and oxygen, and yield with hydrochloric acid, chloride of 
silver and chlorine. According to Fischer, whose observa- 
tions are confirmed by L. Gmelin, the peroxide prepared as 
above from nitrate of silver always retains nitric acid, and if 
prepared in a similar manner from the sulphate, it always 
retains sulphuric acid.* 

Alloys of silver. — Silver may be readily alloyed with most 
metals. It combines by fusion with iron, from which it 
cannot be separated by cupellation. Native silver is always 
associated with gold ; the two metals are found crystallised 
together in all proportions in the same cubic or octohedral 
crystals. Gold may be detected in a silver coin, by dissolviug 
the latter in pure nitric acid, when a small quantity of black 
powder remains, which after being washed with water, will 
be foimd to dissolve in nitro-hydrochloric acid, giving a 
yellow solution, in which protochloride of tin produces a pre- 
cipitate of the purple powder of Cassius. Pure silver, being 
very soft, is always alloyed in coin and plate, with a certain 

* Gmelin's Handbook, Tranalation, ti. 146. 
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quantity of copper^ to make it harder. The standard Bilker 
of England is an alloy of 222 pennyweights of silver with 
18 pennyweights of copper.^ or it contains 92*5 per oent. of 
silver. The standard of the Spanish dollar^ of the French and 
most other coinages^ is 90 per cent of silver. The alloy of 
silver and copper of greatest stability consists of 71 '9 silver^ 
and 28*1 copper^ and corresponds with the formula AgCu4.* 

ESTIMATION OF SILVER^ AND METHODS OF SEPABATING IT 

FROM OTHER METALS. 

Silver^ when in the state of solution, is always estimated as 
chloride. The solution, if not already acid, is slightly acidu- 
lated with nitric add; the silver precipitated with hydro- 
chloric acid, and the liquid placed for some hours in a warm 
situation to cause the precipitated chloride of silver to settle 
down. The precipitate is collected on a filter, which should 
be as small as possible, washed with water, and dried at 212^, 
It must then be separated as completely as possible from 
the filter; introduced into a porcelain crucible, previously 
weighed ; the filter burnt to ashes outside the crucible ; the 
ashes added to the contents of the crucible ; and the whole 
strongly heated over a lamp till the chloride of silver is 
brought to a state of tranquil fusion, after which it is left to 
cool and weighed. It contains 75*26 per cent, of silv^. 
This mode of estimation is affected with an error, arising 
from the partial reduction of the chloride of silver by the 
organic matter of the filter. The error thus occasioned is 
but slight when the process is well conducted, and may 
always be obviated by treating the fused chloride after cool- 
ing with nitric acid to dissolve the reduced silver; then 
adding hydrochloric acid, evaporating to dryness, and again 
fusing the residue. Another mode of proceeding is to collect 
the chloride of silver on a weighed filter, and dry it in an oii- 

. • LeTol, Ann. Ch. Phy«. [S], ixxYi. 230. 
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batb^ at about 800^ F. The chloride may also be washed by 
decantatioD, and the use of a filter avoided altogether ; but 
the washing requires very careful manipulation. 

The quantity of silver in a solution may also be determined 
by precipitating it with a solution of chloride of sodium of 
known strength. The solution of chloride of sodium is made 
of such a strength that a cubic decimetre of it exactly pre- 
cipitates 1 gramme of pure silver. It is added to the silver 
solution from a burette^ divided into cubic centimetres, the 
liquid being well shaken after each addition, to cause the 
precipitate to settle down. The number of cubic centimetres 
of solution thus^ added determines the quantity of silver 
present. 

As silver is reduced from many of its salts by the mere 
action of heat, the quantity of sUver in such compounds may 
be readily determined by simply igniting them in a porcelain 
crucible. This method is applicable to nearly all salts of 
sUver which contain organic adds. It must be observed, 
however, that in some cases, a certain quantity of carbon re- 
mains combined with the silver, and that some organic silver 
compounds containing nitrogen leave cyanide of silver when 
ignited. 

The method of precipitating by hydrochloric acid serves 
to separate silver from all other metals. If lead be present 
in solution with silver, the liquid must be diluted with a large 
quantity of water before the hydrochloric acid is added; 
because the chloride of lead is but sparingly soluble. The 
separation of silver from lead may also be effected by pre- 
cipitating both the metals as chlorides, and dissolving the 
chloride of silver in ammonia. To separate silver from mer- 
cury, the latter metal, if in the state of mercurous oxide, 
must first be converted into mercuric oxide by oxidation with 
nitric acid. 

The estimation of the quantity of silver in alloys, such as 
coins, is usually effected either by cupellation in the manner 
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already described (p. 332.), or by dissolving the alloy in nitric 
acid^ and precipitating the silver with a graduated solution of 
chloride of sodium.* 

The cupellation of silver is always attended with a certain 
loss^ arising partly firom a portion of the melted silver being 
absorbed by the cupel^ and partly by volatilisation. The loss 
thus occasioned varies with the proportion of lead employed 
in the cupellation, with the proportion of silver in the alloy, 
and likewise with the heat of the furnace : hence the results 
obtained require a certain correction, the amount of which 
must be determined by special trials made upon alloys of known 
composition and with different proportions of lead. 



SECTION III. 

GOLD* 

Eg. 98-33 or 1229*16; Au. {Aurum.) 

Gold is found in small quantity in most countries, some- 
times mixed with iron pyrites, copper pyrites, and galena, but 
generally native, massive, and disseminated in threads through 
crystalline rocks, such as quartz, or in grains among the sand 
of rivers, and in alluvial deposits formed by the disintegration 
of ancient rocks. In these deposits, some of which are of 
great extent, gold is occasionally found in masses of consider- 
able size, called nuggets. Formerly, the principal supply of 
this metal was from the mines of South America, Hungary, 
and the Uralian mountains ; but of late years, the largest 
quantities have been obtained from California and Australia. 
Native gold is sometimes pure, but is more frequently asso- 
ciated in various proportions with silver. 

* The prooess, by G-ay-Lussac, for this puxpose Ib deicrtbed, with the re- 
quisite Tables, in the Farliamentary Beport upon the Boyal Mint, 1837, 
Appendix, p. 145. See also Dr, MUler*s ElemenU of CAfmulry, p. 1035. 
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Gold is separated from the substances with which it is me* 
chanically associated^ either by washing with water^ whereby 
the earthy matters are carried away while the heavy gold 
particles remain behind, or by amalgamation. The small 
quantity of gold which occurs^ generally associated with 
silver, in certain lead and copper ores, is extracted by liqua- 
tion and cupellation, in the manner akeady described for 
silver. By these processes, gold is obtained free from all 
other metals except silver, and from this it may be separated 
by nitric acid, which dissolves the silver, but only when it 
forms a large proportion of the alloy. When nitric acid does 
not dissolve the silver, the alloy is submitted to an operation 
termed quartation] which consists in fusing it with four times 
its weight of silver, after which the whole of the silver may 
be dissolved out by nitric acid. 

Pure gold may be obtained from any alloy containing it, 
by dissolving the alloy in a mixture of two measures of hy- 
drochloric and one measure of nitric acid; separating the 
solution from insoluble chloride of silver by filtration ; eva- 
porating it over the water-bath till acid vapours cease to be 
.exhaled ; then dissolving the residue in water acidulated with 
hydrochloric acid; and adding protosulphate of iron, which 
completely precipitates the gold in the form of a brown or 
brownish-yellow powder^ the protosiQphate of iron being at 
the same time converted into sesquisulphate and sesqui- 
chloride : 

6(FeO . SO3) + Au^Cla = 2(PeaOs . 8SO3) + YeJCl^ + 2Au. 

The gold thus precipitated is quite destitute of metaUic lustre, 
but acquires that character by burnishing. 

From alloys of gold and silver, or of gold, silver, and 
copper, the gold may also be separated by the action of strong 
sulphuric acid. The alloy, after being granulated by pouring 
it in the melted state into water, is heated in a platinum or 
cast-iron vessel with 2i times its weight of sulphuric acid 
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of specific gravitj 1*815 (66^ Baum^^ the heat being con- 
tinued as long as sulphuroiu acid is evolved. The silver and 
copper are thereby converted into sulphates^ while the gold 
remains unattacked. The solution is boiled for a quarter of 
an hour with an additional quantity of sulphuric acid of 
specific gravity 1*658^ or 58^ Baum6 (obtained by concen- 
trating the acid mother-liquors of sulphate of copper pro- 
duced in the operation)^ and afterwards left at rest. The 
gold then settles down^ and the Uquid^ after being diluted 
with water j is transferred to a leaden vessel and again boiled 
with sheets of copper immersed in it. The silver is then 
precipitated in the metallic state^ while the copper is con- 
verted into sulphate^ and dissolves. The gold deposited in 
the manner above described still retains a small quantity of 
silver^ firom which it is separated by treating it a second and 
a third time with strong sulphuric add : it then retains only 
0'005 of silver. This process is not applicable to alloys con- 
taining more than 20 per cent, of gold; richer alloys must 
first be fused with the requisite quantity of silver. It is 
applied on the large scale to the extraction of gold, chiefly 
from alloys which contain but littie of that metal^ such aa 
native silver and old silver coins^ and^ as now practised^ is 
economically available even when the amount of gold does not 
exceed one part in 2000. 

Grold is the only metal of a yellow colour. When pure, it 
is more malleable than any other metal, and nearly as soft as 
lead. Its ductility appears to have scarcely a limit. A single 
grain of gold has been drawn into a wire 500 feet in length, 
and this metal is beaten out into leaves which have not more 
than 1 -200,000th of an inch of thickness. The coating of 
gold on gilt silver wire is still thinner. Gold, when very thin, 
is transparent, thin gold leaf appearing green by transmitted 
light. The green colour passes into a ruby red when highly 
attenuated gold is heated : in the red gold-glass, the gold is in 
the metallic state (Faraday). The point of fusion of Hiis 
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metal is 2192^^ according to Pouillet; 2518^^ according to 
Quyton-Morveau; and 2690^, according to Daniell: it con- 
tracts considerably upon becoming solid. The density of gold 
varies from 19'258 to 19*867^ according as it has been more 
or less compressed. Gold does not oxidate or tarnish in air, 
at the usual temperature^ nor when strongly ignited. But 
this and the other noble metals are dissipated and partly 
oxidated^ when a powerful electric charge is sent through 
them in thin leaves. It is not dissolved by nitric^ hydro- 
chloric, or sulphuric acid, or indeed by any single acid. It is 
acted upon by chlorine, which converts it into sesquichloride, 
and by acid-mixtures, such as aqua-regia, which evolve chlo- 
rine. It combines in two proportions with oxygen, forming 
the two oxides AiLjO and Au^Og, which show but little 
tendency to combine with acids. Some chemists, however, 
double the atomic weight of gold, and regard these oxides as 
protoxide, AuO, and teroxide, AuO^, respectively. 

Oxi€k of gold, Awrous oxide, Au^O, 204*66 or 2558-25. — 
This oxide is obtained as a green powder by decomposing the 
corresponding chloride of gold with a cold solution of potash. 
It is partly dissolved by the alkali, and soon begins to un- 
dergo decomposition, being resolved into the higher oxide and 
metaUic gold. The latter forms upon the sides of the vessel 
a thin film, which is green by transmitted light, like gold 
leaf. 

Chloride of gold, Awrous chloride, Au^Cl, is obtained by 
evaporating a solution of the sesquichloride to dryness, and 
heating the powder thus obtained in a sand-bath, retaining it 
at about the temperature of melting tin, and constantly 
stirring it, so long as chlorine is evolved. It is a white, saline 
ttiass, having a tinge of yellow, and quite insoluble in water. 
In the dry state it is permanent, but in contact with water it 
gradually imdergoes decomposition, and is converted into 
gold and the sesquichloride. This change takes place almost 
instantaneously at the boiling temperature. 
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Ayrous iodide, Au^I^ is fonned by the action of liydriodic 
acid on anric oxide^ water being formed and two-thirds of the 
iodine set free : 

Au^Oj + SHI = Aojl + 3H0 + 21; 

also by adding iodide of potassium in proper proportion, and 
in successive small quantities, to an aqueous solution of anric 
chloride : 

AojCl, + SKI = Au^I + SKQ + 21. 

It is a lemon-yellow, crystalline powder, insoluble in cold 
water, and Tery sparingly solnble in boiling water. 

Aurous sulphide is formed when hydrosulphuric acid gas is 
passed into a boiling solution of the sesquichloride of gold. 
It is dark-brown^ almost black. Aurous sulphide combines 
with the protosulphides of potassium and sodiimi^ forming 
double salts containing 1 eq. of aurous sulphide with 1 eq. of 
the alkaline sulphide. The sodium- salt is obtained by fusing 
together 2 eq. protosulphide of sodium, 1 eq. gold, and 6 eq. 
sulphur; digesting the fused mass in water; filtering the 
yellow solution in an atmosphere of nitrogen ; and concen- 
trating in vacuo over sulphuric acid. Yellow crystals are 
then obtained, having the form of oblique hexagonal prisms 
with trilateral or quadrilateral summits, and containing 
NaS . Au'S + 8Aq. They are soluble in water and alcohol. 
The potassium-salt, which is obtained in a similar manner, 
forms indistinct crystals (Col. Yorke).* 

Sesqtdoivide of gold, Auric oxide, Au^Oj, 220*66 or 2758*25. 
-^This oxide has many of the properties of an add. It is 
obtained by digesting magnesia in a solution of sesquichloride 
of gold, when an insoluble compound of auric oxide and mag- 
nesia is formed^ which is collected upon a filter and weL 
washed. The compound is afterwards digested in nitric acid, 
which dissolves the magnesia, with traces of auric oxide, but 

* Chem. Soe. Qu. J. i. 286. 
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leaves the greater part of the latter xuidissolved. It is left 
in the state of a reddish-yellow hydrate, which when dried in 
air becomes chestnut-brown. When precipitated by an alkali, 
auric oxide carries down a portion of the latter, of which it 
may be deprired by nitric acid. Dried at 212^, it abandons 
its water, becomes black, and is in part reduced. When 
exposed to light, particularly to the direct rays of the sun, its 
reduction is very rapid. It is decomposed by an incipient 
red heat. Hydrochloric acid is the only acid which dissolves 
and retains this oxide, and then sesquichloride of gold is 
formed. It is dissolved by concentrated nitric and sulphuric 
acid, but precipitated from these evolutions by water. The 
affinity of this oxide for alkaline oxides, on the contrary, is so 
great that, when boiled in a solution of chloride of potassium, 
it is dissolved, the liquid becoming alkaline, and aurate of 
potash, or a compound of auric oxide and potash, being formed. 
The compounds of auric oxide with the alkalies and alkaline 
oxides are nearly colourless, and are not decomposed by water. 
They appear to be of two different degrees of saturation, 
aurates which are soluble, and superaurates which are in- 
soluble. The only one of these compounds which has been 
studied in some degree is the aurate of ammonia, or fid" 
minatir^ gold as it is named, from its violently explosive 
character. 

Aurate of ammonia. — When the solution of gold is precipi- 
tated by a small quantity of ammonia, a powder of a deep 
yellow colour is obtained, which is a compound of aurate of 
ammonia with a portion of sesquic^oride of gold. This com- 
pound explodes by heat, but the detonation is not strong. 
But when the solution of gold is treated with an excess of 
ammonia, and the precipitate well washed by ebullition in a 
solution of ammonia, or better in water containing potash, 
the fulminating gold has a yellowish brown colour with a 
tinge of purple. When dry, it explodes very easily with a 
loud report, accompanied by a feeble flame. It may be ex- 

BB 3 



352 GOLD. 

ploded by a heat a little aboye the boiling point of water, or 
by the blow of a hammer. Its composition has not be^i 
exactly determined; but if the ammonia is present in donUe 
the proportion that would contain the hydrogen neoeaaary to 
bum the oxygen of the auric oxide^ which Beraelius conaiderB 
probable, its constituents may be Au^O, . 2NH3 H HO. The 
aflBnity of auric oxide for ammonia is so great, that it takes 
that alkali from all acids. Thus, when auric oxide is digested 
in sulphate of ammonia, fulminating gold is formed, and the 
liquid becomes add. 

Aurate of potash, KO . Au^Og + 6HO. — Obtained in the 
cry Btalline state by evaporating a solution of sesquioxide of gold 
in a slight excess of pure potash, first over the open fire and 
afterwards in vacuo : the crystals may be freed from adhering 
potash by recrystallisation from water, then drained on un- 
glazed porcelain and dried in vacuo. Aurate of potash is 
very soluble in water, and forms a yellowish strongly alkaline 
solution, which is decomposed by nearly all organic bodies, the 
gold being precipitated in the metallic state : it is also de- 
composed by heat. With most metallic salts it forms pre* 
cipitates of aurates, which are insoluble in water, but soluble 
in excess of the precipitant ; thus, chloride of calcium forms 
a precipitate of aurate of lime, soluble in excess of chloride of 
calcium. The solution of aurate of potash may be used as a 
bath for electro-gilding. 

Aurosulphite of potash, KO . Au^Og + 4(K0 . 2S0a) + 5H0 ; 

or 5K0[g^^3 + 5H0. — Deposited in beautiful yeDow 

needles when sulphite of potash is added drop by drop to an 
alkaline solution of aurate of potash. It is nearly insoluble in 
alkaline solutions, but dissolves with decomposition in pure 
water, especially if hot, giving off sulphurous acid and de- 
positing metallic gold. Adds decompose it in a similar 
manner. After drying in vacuo, it may be preserved for two 
or three months, in weU-dosed bottles, but ultimately decom- 
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poses^ giving off Balpharoas acid and leaying metallic gold and 
sulphate of potash. The same decomposition takes place 
more quickly when the salt is heated (Fremy).'<^ 

Purple of CoMtus. — When protochloride of tin is added to 
a dilute solution of gold, a purple^coloured powder falls, which 
has received that name. It is obtained of a finer tint when 
protochloride of tin is added to a solution of the sesquichloride 
of iron, till the colour of the liquid takes a shade of green, and 
the liquid in that state added, drop by drop, to a solution of 
sesquichloride of gold free from nitric acid, and very dilute. 
After 24 hours, a brown powder is deposited, which is slightly 
transparent and purple-red by transmitted light. When dried 
and rubbed to powder, it is of a dull blue colour. Heated to red« 
ness, it loses a little water, but no oxygen, and retains its former 
appearance. If washed with ammonia on the filter while still 
moiit, it is dissolved, and a purple liquid passes through, 
which rivals the hypermanganate of potash in beauty. . From 
this liquid, the colouring matter separates very gradually, weeks 
elapsing before the upper strata of the liquid become colour- 
less ; but it is precipitated more rapidly when heated in a dose 
vessel between 140^ and 180°. The powder of Cassius is inso- 
luble in solutions of potash and soda. It may also be formed 
by fusing together 2 parts of gold, 8j- parts of tin, and 15 parts 
of silver, under borax, to prevent the oxidation of the tin, and 
treating the alloy with nitric acid to dissolve out the silver ; a 
purple residue is left containing the tin and gold that were 
employed. 

The powder of Cassius is certainly, after ignition, a mixture 
of binoxide of tin and metallic gold, from which the gold can 
be dissolved out by aqua-regia, while the binoxide of tin is left ; 
and the last mode of preparing it, &vours the idea that its 
constitution is the same before ignition ; but the solubility of 
the unignited powder in ammonia, and the fact that mercury 
does not dissolve out gold from the powder when properly 

* Ann. Oh. Phann. Iri. 316. 
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prepared^ appear to be conclusive against that opinion. The 
proportions of its constituents vary so much, that there 
must be more than one compound ; or more likely the colour- 
ing compound combines with more than one proportion of 
binoxide of tin. Bereelius proposed the theory that the powder 
of Cassius may contain the true protoxide of gold combined 
with sesquioxide of tin, AuO . Sn^03, a kind of combination 
containing an association of three atoms of metal, which is 
exemplified in black oxide of iron, spinell, gahnite, franklinite, 
and other minerals, and which we have repeatedly observed to 
be usually attended with great stability. A glance at its 
formula shows how readUy the powder of Cassius, as thus repre- 
sented, may pass into gold and binoxide of tin ; AuO . Sn^Oj 
= Au + 2Sn03. The existence of a purple oxide of gold, 
AuO, is not established; but it is probably the substance 
formed when a solution of gold is applied to the skin or nails, 
and which dyes them purple. Paper, coloured purple by a 
solution of gold, becomes gilt when placed in the moist state 
in phosphuretted hydrogen gas, which reduces the gold to the 
metallic state. 

Pelletier gives the following method of preparing a 
purple of Cassius of constant composition : — 20 grammes of 
gold are dissolved in 100 grammes of aqua-regia containing 
20 parts nitric to 80 parts of commercial hydrochloric acid ; 
the solution is evaporated to dryness over the water-bath ; the 
residue dissolved in water ; the filtered solution diluted with 
7 or 8 decilitres of water; and tin filings introduced into it : 
in a few minutes the liquid becomes brown and turbid, and 
deposits a purple precipitate, which merely requires to be 
washed and dried at a gentle heat. The purple thus prepared 
contains in 100 parts : 32*746 stannic add, 14*618 protoxide 
of tin, 44' 772 aureus oxide (Au^O) and 7*864 water. The 
precipitate obtained by treating sesquichloride of gold with 
pure protochloride of tin is always brown. To obtain a fine 
purple precipitate, the chloride of gold should be treated with 
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a mixture of protochloiide and bioUoride of tin. The follow- 
ing process gives a fine purple : — a. A neutral solution is 
prepared of 1 part of tin in hydrochloric acid; b. A solution 
of 2 parts tin in cold aqua-regia (I part hydrochloric acid to 
8 nitric)^ the liquid being merely heated towards the end of 
the process^ that it may not contain any protoxide of tin ; 
c. Seven parts of gold are dissolved in aqua-regia (6 hydro- 
chloric to 1 nitric)^ and the solution^ which is nearly neutral^ 
diluted with 8500 parts of water. To this solution c, the 
solution b is first added^ and then the solution a, drop by 
drop^ till the proper colour is produced. If the quantity of a 
be too small^ the precipitate is violet ; if too large^ it is brown. 
It must be washed quickly^ so that the liquid may not act 
upon it too long. It weighs 6) parts (Bouisson).* 

Sesquistdphide of gold, A.\x^^ or Auric sulphide, is formed 
when a dilute solution of gold is precipitated cold by hydro- 
sulphuric acid. It is a flocculent matter of a strong yellow 
colour^ which becomes deeper by drying ; it loses its sulphur 
at a moderate heat. 

Sesquichloride of gold, Perchloride of gold, Auric chloride, 
Au^Cly 303*16 or 3789*5. — This compound is formed when 
gold is dissolved in aqua-regia. The solution is yellow^ and 
becomes paler with an excess of acid^ but is of a deep red 
when neutral in composition. It is obtained in the last 
condition by evaporating the solution of gold^ till the liquid 
is of a dark ruby colour^ and begins to emit chlorine. 
It forms on cooling a dark red crystalline nuu9s^ which de- 
liquesces quickly in air. But the only method of procuring 
auric chloride perfectly free from add salt, is to decompose 
aurous chloride with water. A compound of chloride of 
gold and hydrochloric acid crystallises easily from an acid 
solution^ in long needles of a pale yellow colour, which are 
permanent in dry air, but run into a liquid in damp air. 
The solution of this salt deposits gold on its surface, and 

• J. Phann. [2], xvi. 629. 
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on the side of the Tesael turned to the li^t. The gold is 
alBO precipitated in the metallic state by phosphorus, by most 
metals, by ferrous salts, by arsenions and antimonious acids, 
and by many yegetable and animal substances, by yegetable 
adds, by oxalate of potash, &c., carbonic add then escaping. 
Hydfosnlphuric add and sulphide of ammonium throw down 
black sulphide of gold, soluble in excess of the latter re- 
agent. Ammonia and carbonate of ammonia produce a 
yellow precipitate of fulminating gold. Potash added in 
excess forms no predpitate, unless it contains organic matter, 
in which case a slight predpitate of aurous oxide is pro-> 
duced. Cyanide of potassium produces a yellow predpitate 
soluble in excess. Tincture of galls throws down metallic 
gold. Chloride of gold is soluble in ether and in some 
essential oils. It forms double salts with most other chlo- 
rides, which are almost all orange-coloured when crystallised; 
in efflorescing, they acquire a lemon-yellow colour, but in 
the anhydrous state they are of an intense red. They are 
obtained by evaporating the mixed solutions of the two salts. 

Chloride of gold and potassium, KCl . Au^Cls + 5HO. — 
Crystallises in striated prisms with right summits, or in thin 
hexagonal tables which are very efflorescent; becomes an- 
hydrous at 212^. The anhydrous salt fuses readily when 
heated, but loses chlorine and becomes a liquid, which is black 
while hot, and yellow when cold. It is then a compound of 
aurous chloride with chloride of potassium. Chloride of gold 
and ammonium crystallises in transparent prismatic needles, 
which become opaque in air ; Mr. Johnston found their com- 
position to be NH4CI . AugCla + 2H0. Chloride of gold and 
sodium crystallises in long four-sided prisms, and is persistent 
in air. Its composition is NaCl . Au^Cl, 4- 4H0. Bonsdorff 
has prepared similar double salts with the dilorides of barium, 
strontium, caldum, magnesium, manganese, zinc, cadmium, 
cobalt, and nickel. The salt of lime contains six, and the salt 
of magnesia twelve equivalents of water. 
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8e9quibromide of gold, Au^Btj, is formed by di8fK>lviiig gold 
in a mixture of nitric and hydrobromic acids. It greatly 
resembles the sesqoichloride^ and forms also an extensive 
series of double salts. 

Auric iodide, Au^3^ is formed by gradually adding a 
neutral solution of auric chloride to a solution of iodide of 
potassium : the liquid then acquires a dark-green colour^ and 
yields a dark-green precipitate of Au^Is^ which redissolves on 
agitation; but after 1 eq. of the auric chloride has been 
added to 4 eqs. of iodide of potassium^ a farther addition of 
the gold-solution deccdorizes the liquid and forms a permanent 
precipitate of auric iodide^ because the iodide of gold and 
potassium at first produced is thereby decomposed. The 
successive actions are represented by the following equa- 
tions: — 

(1.) 4KI + AU2CI3 = 3KC1 + KI . Aojlg ; 

(2.) 8(KI . Aujlg) + Au^Clg = 8KC1 + 4AU2T3. 

Auric iodide is a very unstable compound; when exposed 
to the air at ordinary temperatures^ it is gradually converted 
into yeUow aureus ic^ide^ and afterwards into metallic gold. 
It combines with hydriodic acid and with the more basic 
metallic iodides^ forming a series of very dark-coloured salts; 
e. g. iodo-awrate of potassium, KI . Au^Ig. 

The oxides of gold show but little tendency to combine 
with oxygen-acids : the sesquioxide dissolves in strong nitric 
addj but the solution is decomposed by evaporation or dilu- 
tion. 

Hyposulphite of aurous oxide and soda : 

Au20.Sa02+3(NaO.S202)+4HO; or ^jj2g|4S202+ 4H0. 

This salt is prepared by mixing concentrated solutions of 
sesquichloride of gold and hyposulphite of soda^ and preci- 
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pitating with alcohol. When purified by repeated solutiou in 
water and precipitation by alcohol^ it forms ddicate^ colour- 
less needles. It has a sweetish taste^ dissolves Tety easily in 
water^ but very sparingly in alcohol. It is decomposed by 
heat and by nitric acid> with deposition of metallic gold. Its 
solution gives a blacldsh precipitate with hydrosulphuric acid 
and soluble sulphides. The presence of gold in this solution 
is not indicated by protosulphate of iron^ protochloride o£ tin^ 
or oxalic acid ; and^ on the other hand, sulphuric add^ hydro* 
chloric acid, and the vegetable acids neither precipitate sulphur 
nor expel sulphurous add from it. When mixed with chloride 
of barium, it yields a gelatinous predpitate of Hyposulphite qf 

aurous oxide and baryta, containing q ^q | 48^02. Sulphuric 

acid removes all the baryta from this salt, and leaves hydrated 
aurous hyposulphite, which is uncrystallisable, strongly add, 
and tolerably stable at ordinary temperatures. The solution 
of the soda-salt is used for fixing daguerreotype pictures 
(Fordos and Gelis).* 

A hyposulphite of auric owide and soda appears also to be 
formed by dropping a neutral solution of chloride of gold into 
aqueous hyposulphite of soda (Fordos and GrSis). 

Alloys of gold, — Gold unites vrith nearly all metals; but 
its most important alloys are those which it forms with silver 
and copper. Gold which is used for coins, watches, artides 
of jewellery, &c., is always alloyed with copper, to increase its 
nardness, piure gold being much too soft for any of these pur- 
poses. The standard for coin in the United Elingdom is 
11 gold with 1 alloy; in France and the United States of 
America, 9 gold to 1 alloy. For articles of jewellery, gold is 
also frequently alloyed with silver, which gives it a lighter 
colour. The alloys of gold, both with silver and with copper, 
arc more fusible than gold itself. The solder used for gold 

• Ann. Ch Phys. [8], xiii. 394. 
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trinkets is composed of 6 parts gold and 1 part copper^ or 
of 4 parts gold, 1 part copper, and 1 part silver. 

Amalgam of gold. — Gold tinites readily with mercury, 
fortning a white amalgam ; the smallest quantity of mercurial 
vapour coming in contact with gold is sufficient to turn it 
white. Mercury is capable of dissolving a large quantity of 
gold without losing its fluidity, but, when quite saturated, it 
acquires a waxy consistence. When the liquid amalgam is 
strained through chamois-leather, mercury passes through 
together with a very small quantity of gold, and there remains 
a white amalgam, of pasty consistence, containing about 
2 parts of gold to 1 part of mercury. By dissolving 1 part of 
gold in 1000 parts of mercury, pressing through chamois- 
leather, and treating the residue with dilute nitric acid at a 
moderate heat, a solid amalgam, AugHg, is obtained, which 
crystallises in shining four-sided prisms, retains its lustre in 
the air, is not decomposed by boiling nitric acid, and does not 
melt even when heated tiU the mercury volatilises (T. H. 
Henry).* 

Gilding and silvering. — The pasty amalgam of 2 parts gold 
and 1 part mercury is used for gilding ornamental articles of 
copper and bronze. The surface of the object is first thoroughly 
cleaned by heating it to redness, then plunging it into dilute 
sulphuric acid, and sometimes for an instant also into strong 
nitric acid; it is then amalgamated by washing it with a 
solution of nitrate of mercury, and afterwards pressed upon 
the pasty amalgam, a portion of which adheres to it. The 
mercury is then expelled by heat, and the gold-surface finally 
polished. Silver may be gilt by similar processes. 

By substituting an amalgam of silver for the amalgam of 
gold, articles of copper, bronze, and brass may be silvered or 
plated. 

Articles of copper, chiefly copper trinkets, are also gilt by 

• Phil. Mag. [4], ix. 468. 
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immersion in a boiling aolntion of chloride of gold in an alka- 
line carbonate^ after having been deaned by processes nmilar 
to those just described. 

But the process now most generally adopted is that oC 
electro-gilding, which is performed by immersing the objects 
to be gilt in a solution of 10 parts of cyanide of potaanum 
and 1 part of cyanide of gold in 100 parts of distilled water^ 
and connecting them with the negative pole of a voltaic 
battery^ while the positive pole is connected with a bar of 
gold also immersed in the liquid. The solution is then de- 
composed by the current^ the gold being deposited on the 
objects at the negative pole, while the gold connected with 
the positive pole dissolves and keeps the solution at a 
nearly uniform strength. The cyanide of potassium in the 
solution is sometimes replaced by ferrocyanide of potas- 
sium, and the cyanide of gold by sesquioxide of gold, 
chloride of gold and potassium, or sulphide of gold; but the 
composition above given is that which is most generally 
adopted. This mode of gilding may be at once applied to 
copper, brass, bronze, silver, or platinum. To gild iron, steel, 
or tin, it is necessary first to deposit a layer of copper on the 
surface, which is effected by immersion for a few seconds in a 
bath of cyanide of copper and potassium. 

Electro-Mvering or eleciro-plaiing is performed in a similar 
manner, with a bath composed of 1 part of cyanide of silver 
and 10 parts of cyaoide of potassium dissolved in 100 parts 
of water; it is principally applied to articles made of nickel- 
silver. 

Platinum may also be deposited in a similar manner on 
copper or silver ; but it does not adhere very firmly. 
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ESTIMATION OP OOLD^ AND METHODS OF SEPARATING IT F&OM 

OTHER METALS. 

Gold is always estimated in the metallic state. It is gene- 
rally precipitated &om its solution in aqua-regia by proto- 
snlphate of iron or oxalic acid. Protosulphate of iron pre- 
cipitates the gold in the form of a fine brown powder. K 
the gold solution is quite neutral^ it must first be acidulated 
with hydrochloric acid, otherwise the precipitated gold will 
be contaminated with sesquioxide of iron formed by the 
action of the air on the solution of the protosulphate. If the 
gold solution contains much free nitric acid, there is a risk of 
some of the precipitated gold being redissolved by the aqua- 
regia present. To prevent this, the excess of nitric acid must 
be destroyed by adding hydrochloric acid, and boiling before 
the iron solution is added. Oxalic acid reduces gold slowly 
but completely ; the gold solution must be digested with it 
for 24 or 48 hours. 

These methods of precipitation serve to separate gold from 
most other metals. In such cases, oxalic acid is mostly to be 
preferred as the precipitating agent, because, when the quan- 
tities of the other metals are also to be determined, the 
presence of a large amount of iron in solution is very incon- 
venient. 

The separation of gold in alloys may generally be effected 
by dissolving out the baser metals with nitric, or sometimes 
with hydrochloric or sulphuric acid. When, however, the 
proportion of gold is consideritble, it may happen that the 
alloy is but very slowly attacked by nitric acid, especially if 
the other metal be silver or lead. In such a case, it is best 
to treat the alloy with aqua*regia, and precipitate the gold 
with oxalic add. Or, again, the alloy may be fused with a 
known weight of lead or silver, as in the method of quarta- 
tion (p. 849.), and thereby rendered decomposable by nitric 
add. 
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The analysis or assay of an alloy of gold and copper is 
tisually made by cupellation with lead. The weight of the 
button remaining on the cupel gives directly the amount of 
gold in the alloy after certain corrections similar to those 
required in the case of silver (p. 348.). Alloys containing 
both silver and copper are cupelled with lead and a quantity 
of silver sufiScient to bring the proportion of gold and silver 
in the alloy to 1 part gold and 3 parts silver. The button 
obtained by cupellation then consists of an alloy of gold and 
silver, from which the silver may be dissolved out by nitric 
acid. 

Small ornamental articles, which would be destroyed if 
submitted to any of the preceding processes, are approxi- 
mately assayed by rubbing them on a peculiar kind of black 
stone, called the touchstone, so as to leave a streak of metal, 
the appearance of which may be compared with that of 
similar streaks produced from alloys of known composition. 
A further comparison is obtained by examining the appear- 
ance which the streaks present when treated with acids. 
This method is also sometimes used in the assaying of coins, 
to afford an indication of the quantity of silver required in 
the cupellation. The touchstone, which is a peculiar kind 
of bituminous quartz, was originally obtained from Lydia; 
but stones of similar quality are now found in Bohemia, 
Saxony, and Silesia. 
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ORDER IX. 

METALS IN NATIVE PLATINUM. 

SECTION I. 

PLATINUM. 

Eq. 98-68 or 1233-5 ; Pt. 

This metal was discovered in the auriferous sand of certain 
rivers in America. Ita name is a diminutive ot plata, silver, 
and was applied to it on account of its whiteness. It occurs 
in the form of rounded or flattened grains of a metallic histre. 
It has been found in Brazil^ Colombia, Mexico^ St. Domingo^ 
and on the eastern declivity of the Ural chain; in small 
quantity also in certain copper-ores from the Alps; it is 
everywhere associated with the debris of a rock, easily recog- 
nised as belonging to one of the earliest volcanic formations. 

The grains of native platinum contain from 75 to 87 per 
cent, of that metal, a quantity of iron generally sufficient to 
render them magnetic, from ^ to 1 per cent, of palladium, but 
sometimes much less, with small quantities of copper, rhodium, 
osmium, iridium, and ruthenium. To separate the platinum 
from these bodies, the ore is digested in a retort with hydro- 
chloric acid, to which additions of nitric acid are made from 
time to time. When the hydrochloric acid is nearly saturated, 
the liquid is evaporated in the retort to a syrup, then diluted 
with water, and drawn o£f frt)m the insoluble residue. If the 
mineral is not completely decomposed, more aqua-regia is 
added and the distillation continued. A portion always 
remains, xmdissolved, consisting of grains of a compound of 
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osmium and iridium^ and little brilliant plates of the same 
alloy, besides foreign mineral substances which may be mixed 
with the ore. The solution is generally deep red, and emits 
chlorine from the presence of perchloride of palladium ; to 
decompose which the liquid is boiled, whereupon chlorine 
escapes, and the palladium is reduced to protochloride. 
Chloride of potassium is then added, which precipitates the 
platinum as a sparingly soluble double chloride of platinum 
and potassium, which has a yellow colour if pure, but red if 
it is accompanied by the double chloride of iridium and 
potassium. The precipitate is collected on a filter, and washed 
with a dilute solution of chloride of potassium. By igniting 
this double salt with twice its weight of carbonate of potash 
to the point of fusion, the platinum is reduced to the metallic 
state, while a portion of the iridiun^ remains as peroxide. 
The soluble potash-salts are then removed by washing with 
hot water, and the platinum is dissolved by aqua-r^ia, in 
which the peroxide of iridium remains untouched. To com- 
plete the separation of the iridium, the precipitation by 
chloride of potassium and ignition with carbonate of potash 
may require to be repeated several times. The platinum- 
solution thus freed from iridium is mixed with sal-ammoniac, 
which throws down a yellow precipitate of the double chloride 
of platinum and ammonium. From this precipitate, when 
heated to redness, chlorine and sal-ammoniac are given o£^ 
and the platinum remains in the form of a loosely coherent 
mass, called spongy platinuih. When it is not required to 
have platinum absolutely pure, the solution first obtained 
from the ore is precipitated by sal-ammoniac, and the pre- 
cipitate treated in the manner just described : much of the 
platinum of commerce is obtained in that way. The small 
trace of iridium which is left in commercial platinum greatly 
increases its hardness and tenacity. 

Platinum is too refractory to be fused in coal furnaces : but 
at a high temperature its particles cohere like those of iron. 



and it may, like that metal, be welded, and thereby rendered 
malleable. For this purpose, the spongy platinum obttdaed 
by igniting the double chloride of platinum and 
ammonium, is introduced into a brass cylinder 
tfg A {F\g. 20), the lower part of which fite into a 
steel socket ahcd. The cylinder being half filled 
with spongy platinum, a steel piston i k, which 
fits it exactly, is introduced, and driven down by 
blowB of a hammer, gently at first, but afterwards 
with greater force. The spongy platinum is 
thereby much reduced in bulk, and after a while 
is converted into a coherent disc of metal. This 
disc is heated to whiteness in a muffle, and after- 
wards hammered on a steel anvil. By repeating 
these operations several times, the platinum is 
rendered perfectly malleable and ductile, and may 
be rolled into sheets. Platinum in this state is 
the densest body at present known ; its specific gravity was 
fixed by Dr. Wollaston at 21'53. This metal may be fiised 
by the oxyhydrogen blow-pipe, or even made to boil, and 
be dissipated with scintillations. It is not acted upon by 
any single acid, not even by concentrated and boiling sul- 
phuric acid. Its resistance to the action of acids, conjoined 
with its difficult fusibility, renders platinum invaluable 
for chemical experiments, and for some purposes in the 
chemical arts, particularly for the concentration of oil of 
vitriol. 

The remarkable influence of a clean surface of platinum in 
determining the combustion of oxygen and hydrogen, has 
already been considered. This property platinum shares with 
osmium, iridium, palladium, and rhodium. It is exhibited in 
the greatest degree by the highly divided metal, such as pla- 
tinum-sponge, the condition in which the metal is left on 
igniting the double chloride of platinum and ammonium. 
Platinum precipitated from solution by zinc, causes the com- 
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bustion of alcohol vapour. The Hack powder of platinum^ 
commonly called platinums-blacky is the form in which that 
metal is most active. This is prepared by dissolving the pro- 
tochloride of platinmn in a hot and concentrated solution of 
potash, and pouring alcohol into it while still hot^ by small 
quantities at a time ; violent effervescence then occurs from 
the escape of carbonic add gas^ by which the contents of the 
vessel, imless capacious, may be thrown out. The liquor is 
decanted firom the black powder which appears, and the latter 
boiled successively with alcohol, hydrochloric acid, and potash, 
and finally four or five times with water, to divest it of all 
foreign matters. Platinum-black may also be obtained by 
decomposing a hot solution of sulphate of platinum with 
alcohol ; and by boiling a solution of the bichloride with car- 
bonate of soda and sugar; chloride of sodium is then formed, 
water and carbonic acid are produced by oxidation of the 
sugar, and the platinum is precipitated in the finely-divided 
state. The powder, when dried, resembles lamp-black, and 
soils the fingers, but still it is only metallic platinum ex- 
tremely divided, and may be heated to full redness without 
any change of appearance or properties. It loses these pro- 
perties, however, by the effect of a white heat, and assumes a 
metallic aspect. Platiniun-black, like wood charcoal, absorbs 
and condenses gases in its pores, with evolution of heat, a 
property which must assist its action on oxygen and hydrogen, 
although not essential to that action. When moistened with 
alcohol, it determines the oxidation of that substance in air, 
and the formation of acetic acid ; and, in a similar manner, 
it converts wood-spirit into formic acid. 

Platinum is insoluble in all acids except aqua-regia. It 
may be oxidated in the dry way by fusing it with hydrate of 
potash or nitre. Palladium, osmium, and iridium resemble 
platinum in their chemical relations, the corresponding com- 
pounds of these four metals being isomorphous; platinum 
and iridium have also the same atomic weight. Of platinum. 
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only two degrees of oxidation are known witn certainty^ the 
protoxide^ PtO^ and binoxide^ PtO,. 

Protoande of platinum, Platinous oxide, PtO, 106"68 or 
1883*5. — This oxide is obtained by digesting the corres^ 
ponding chloride of platinum with potash^ as a black powder^ 
which is a hydrate. It is dissolved by an excess of the alkali, 
and forms a green solution, which may become black like ink 
with a large quantity of oxide. Protoxide of platinum forms 
the platinous class of salts, which have a greenish, or, some- 
times red colour, and are distinguished from the platinic salts 
by not being precipitated by sal-ammoniac. With hydrosuU 
phuric acid and hydrosulphate of ammonia, they form a black 
precipitate, soluble in a lai^e excess of the latter ; with mer- 
cttrous nitrate, a black precipitate; with potash, no precipitate; 
with carbonate of potash or soda, a brownish precipitate. Am^ 
monia added to the hydrochloric acid solution throws down a 
green crystaUine precipitate of ammonio-platinous chloride; 
carbonate of ammonia forms no precipitate. 

Protosulphide of platinum, PtS, is thrown down as a black 
precipitate, when the protochloride of platinum is decomposed 
by hydrosulphuric acid. It may be washed and dried without 
decomposition. 

Protochloride of platinum, Platinous cJdoride, PtCl, is ob- 
tained by evaporating a solution of the bichloride of platinum 
to dryness; triturating the dry mass; and heating it in a 
porcelain capsule by a sand-bath at the melting point of tin, 
taking care to stir it at the same time, so long as chlorine is 
evolved. It remains as a greenish grey powder, quite insoluble 
in water, and repelling that liquid so as not to be moistened 
by it. This chloride is not decomposed by sulphuric or nitric 
acid, but is partially soluble in boiling and concentrated hy- 
drochloric acid. From the last solution, alkalies throw down 
a black precipitate of protoxide. When the calcination of the 
bichloride of platinum, at 420^ or 460°, is interrupted before 

the whole of the chlorine is expelled, the residue yields to 
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water a oompound of a brown ooloar, ao deep^ that the liquid 
becomes opaque. This^ Professor Magnus believes to be a 
combination of the two chlorides of platinum. A double 
protochlaride of platinum and potassium, or chloroplatimte of 
potassium, PtCl . KCl^ is obtained on adding chloride of 
potassium to the solution of platinous chloride in hydrochloric 
acid^ and evaporating the liquid. The salt crystallises in red 
four-sided prisms, the form of which is the same as that of a 
corresponding salt of palladium ; it is anhydrous. A proto- 
chloride of platinum and sodium also exists^ but does not 
crystalline easily. 

Corresponding platinous iodides and cyanides have been 
formed. The cyanide forms a numerous class of douUe 
salts, called platinocyanides, whose general formula is 
MCy.PtCy. The potassium salt is obtained by heating 
spongy platinum with ferrocyanide of potassium ; exhausting 
the mass with hot water and crystallising ^ or by treating 
platinous chloride with aqueous cyanide of potassium. The 
salt crystallises in needles and rhombic prisms, pale yellow by 
transmitted light, yellow or blue by reflected light, according 
to the direction in which they are viewed. From the solution 
of this salt, the platino-cyanides of zinc, lead, copper, mer- 
cury, and silver, which are insoluble, are obtained by precipi- 
tation. The sodium, barium, strontium, and calcium-salts, 
which are soluble, are obtained by treating the copper-salt 
with caustic soda, baryta, &c. ; and the magnesium and 
aluminum-salts, by precipitating the barium-salt with sulphate 
of magnesia or alumina. The ammonium-salt is prepared like 
the potassium-salt. Platinous oxide has also been united 
with several acids, particularly sulphuric, nitric, oxalic, and 
acetic acids ; but none of these salts have been crystallised, 
except the oxalate. 

Bioodde of platinum. Peroxide of platinum, Platinic oxide, 
PtOj, 114-68 or 1433-5. — By precipitating sulphate of pla- 
tinum with nitrate of baryta, nitrate of platinum ia obtained. 
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One half of its oxide may be precipitated by aoda, firom the 
last salt^ but when a laarger quantity of alkali is added, a sub- 
salt is thrown down. The precipitated oxide is hydrated, 
yery bxdky, and exactly resembles sesquioxide of iron precipi^ 
tated by ammonia. When heated, it first loses its water, and 
becomes black, then its oxygen, and leaves metallic platinum. 
Bioxide of platinum combines with acids, and forms a class of 
salts, which are either yellow or reddish-brown. From the 
solutions of these salts, the platinum is precipitated in the 
metallic state by phosphorui and by most metals. Hydrosul' 
phuric acid and sviphide of ammomum form a black precipitate 
soluble in a large excess of the latter. In a solution of pla- 
tinic chloride, potash or ammonia forms a yellow crystalline 
precipitate of chloroplatinate of potassium or ammonium; 
so likewise do the chlorides of potassium or ammonium ; 
sodium-salts form no precipitate. In the solution of platinic 
nitrate or sulphate, potash or ammonia forms a yellow-brown 
precipitate ; chloride of potassium or ammonium produces, 
after some time, a slight yellow precipitate of the double 
diloride. Platinic oxide has also a decided affinity for bases, 
and forms insoluble compounds with the alkalies, earths, and 
many metallic oxides. It forms also, like sesquioxide of gold, 
a fulminating ammoniacal compound, discovered by Mr. E. 
Davy. 

Bisulphide of platinum, PtS^, is formed by adding a solution 
of bichloride of platinum, drop by dBop, to a solution of sul- 
phide of potassium. It is dark brown and becomes black by 
desiccation. When dried in open air, a portion of its sulphur 
is converted into sulphuric add, by absorption of oxygen, 
and the mass becomes strongly acid. 

Bichhride of platinum, PtCl,, 2121 or 169-68, is obtained 
by concentrating the solution of platinum in aqua-regia, as a 
red saline mass, which becomes brown when deprived of its 
water of crystallisation by heat. The solution of this salt 
when pure has an intense and unmixed yellow colour, the red 

4 
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colour which it usually exhibits being due to iridium or to 
protochloride of platinum. Bichloride of platinum is aolable 
in alcohol, and the solution is used to separate potash and 
ammonia in analysis. 

Chloride of platinum and potassium, Chhnjplatinaie of 
potassium^ KCl.PtCl2> is the salt which falls on mixing 
chloride of platinum with chloride of potassium or any other 
salt of potash. The crystalline grains of which it is composed 
are regular octohedrons. This salt is soluble to a certain 
extent in water, but is whoDy insoluble in alcohoL It is 
anhydrous. A yery intense red-heat is required for its com- 
plete decomposition. Chloroplatinaie of sodium, NaCl . PtCl^ 
+6HO| crystallises in beautiful transparent prisms of a 
bright yellow colour. It is soluble in alcohol as weU as in 
water. When a solution of this salt in alcohol is distilled till 
only one-fourth of the liquid remains, the solution yields by 
eyaporation a salt containing the elements of ether, and be- 
longing to a class of compounds discoyered by Professor 
Zeise, and known as the etherised salts of Zeise. 

Cklorqplatinate of ammonium resembles the double salt of 
potassium. When ignited, it leayes metallic platinum in the 
spongy state. Bonsdorff has formed a large class of com- 
pounds of bichloride of platinum with the alkaline, earthy, 
and metallic chlorides, in all of which the salts are united in 
single equiyalents. The bromides and iodides of platinum 
haye likewise been formed, and classes of double salts deriyed 
from them. Bioxide of platinum has also been combined 
with acids ; but none of its salts, with the exception of the 
oxalate, is obtained in a crystalline state. 

Bicyanide of platinum, or platinic cyanide, does not appear 
to exist in the separate state ; but it forms double salts with 
the cyanides of potassium and ammonium ; it likewise com- 
bines with chloride of potassium, forming the compound 
KCl . PtCyj. 

The sulphocyanides of platinum, PtCyS,, and Pt . {CjS^^ 
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likewise form two series of doable salts^ viz. the platino^ 
bUti^hocyanides or stUphocyanoplatinites =s MPt(CyS2)2^ or 
MCyS^+PtCySj^ and the pkUino-teratUphocyanidles or sulpho- 
cyanoplaiinates = MPt(CySa)3, ^^ MCySg + Pt(Cy Sg) j. The 
potassium salts are formed by the action of sulphocyanide of 
potassium on protochloride and bichloride of platinum re- 
spectively. All these salts are strongly coloured^ exhibiting 
all shades of colour from light yellow to deep red. They are 
quickly decomposed by heat (G. B. Buckton).* 

AMMONIACAL PLATINUM SALTS. 

The oxides^ chlorides, sulphates, &c., of platinum are capable 
of taking up the elements of 1 or 2 equivalents of ammonia, 
giving rise to four series of compounds, whose composition 
may be represented by the following jgeneral formulae, in 
which the symbols B, B^ denote acid elements : 

1. Ainmonio-platinouB compounds, or protosalts of platam- 
monium, 

NHaPtBrrNHpS^.B. 

2. Biammonio-platinous compounds, or protosalts of ammo- 
platammonium, 

NaHgPtB^NH^CNHJPt . B. 

3. Ammonio-platinic compounds, or bisalts of platammo- 



mum. 



4. Biammonio-platinic compounds, or bisalts of ammo- 
platammonium. 

The third and fourth classes of these compounds may also 
be regarded as protosalts of compound ammoniums, in which 

• Chem. Soc. Qn. J. rii. 22. 
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1 tq. ci hjir ogm is v^beed bjr PtO or PiCI; tar 

die bichkiride XH3PiCl,=X^irpta) . CI ; the dikiranitnte 

N APtClXOe=XH,(NH jPtd . XO^. 

1. Ammomo^plaivums compomtdg, or ProiowalU of Plat- 
ammomium. — These compoimds are fonned by the actioii €»f 
heat on those of the following series, half the iniwniiA of 
the hitter being then giren oSl Thej are for the most part 
insoluble in water, bat dissolve in ammonia, leprodoeing 
the biammoniacal platinons compoonds ; th^ detonate when 
heated. 

Oxide, NH3PtO=NH3Pt . O.— Obtained bjr heating the 
hydrated oxide of Uammo-platammoniam to 230^. It is a 
greyish mass which, when heated to 392^ in a close vessd, 
gives off water, ammonia, and nitrc^en, and leava metallic 
platinum. Probably the compound, Pt^N, is first produced 
and is afterwards resolved into nitrogen and ^atinum : 

SNHaPtOrrPtjN + 3HO + 2NH3. 

The oxide, heated to 892^ in contact with the air, becomes 
incandescent, and bums vividly, leaving a residue of platinum. 

Chloride, NHjPta = NH3Pt . Q. — Of this compound 
three isomeric modifications exist : a. Yellow, obtained by 
adding hydrochloric acid, or a soluble chloride, to a solu- 
tion of nitrate or sulphate of platammonium. Or, by boiling 
the green modification, y, with nitrate or sulphate of am- 
monia, whereupon it dissolves and forms a solution which, on 
cooling, deposits the yellow salt. Or, by neutralising a solu- 
tion of platinous chloride in hydrochloric acid with carbonate 
of ammonia, heating the mixture to the boiling point, and 
adding a quantity of ammonia equal to that already contained 
in the liquid, filtering from a dingy green substance, which 
deposits after a while, then leaving the solution to cool, and 
decanting the supernatant liquid as soon as the yellow salt is 



PLATINUM SALTS. 373 

deposited* )9. Red. — If^ in the last mode of preparation, the 
carbonate of ammonia, instead of being added at once in 
excess^ be added drop by drop to the hydrochloric acid solu- 
tion of platinons chloride, the liquid on cooling deposits small 
garnet-coloured crystals having the form of six-sided tables. 
This red modification may also be obtained in other ways 
(Peyrone).* y. Green, — This modification, usually denomi- 
nated the green salt of Magnus, was the first discovered of 
the ammoniacal platinum compounds. It is obtained by gra- 
dually adding an acid solution of platinous chloride to caustic 
ammonia, or by passing sulphurous acid gas into a boiling 
solution of bichloride of platinum till it is completely con- 
verted into protochloride (and therefore no longer gives a 
precipitate with sal-ammoniac), and neutralising the solution 
with ammonia ; the compound is then deposited in green 
needles. The same modification of the salt may also be ob- 
tained by adding an acid solution of platinous chloride to a 
solution of biammonio-platinous chloride, N2H6PtCl. Hence 
it would appear that the true formida of this green salt is 

(NH3PtCl)2==PtCl+NH^(NHQ^^ . CI, that of the yeUow or 
red modification being simply NHaPtCl. Either modifica- 
tion of the salt, when heated to 572*^, gives off nitrogen, 
hydrochloric acid, and sal-ammoniac, and leaves a residue of 
platinum. 

A red crystalline compound of chloride of platammonium 
with chloride of ammonium, viz. NHgPtCl + NH4CI, is formed 
when a solution of chloride of ammo-platammonium, contain- 
ing a large quantity of sal-ammoniac, is evaporated to the 
crystallising point. Thus, when a solution of platinous chlo- 
ride in hydrochloric acid ia precipitated by ammonia, and the 
green salt of Magnus thereby formed is heated, while still in 
the liquid, with excess of ammonia, to convert it into chloride 
of ammo-platammonium, the red compound separates at a 

• TideTranBUtioa of Ghmelin's Handbooky yi. 803. 
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certain degree of concentration^ tc^eiher with the chloride of 
ammo-platammonium (Grimm).* 

Iodide, NHjPtl. — Yellow powder, obtained by boiling the 
aqneons solution of the compound N^H^Ptl. It disaolyes in 
ammonia, and is thereby reconverted into the latter com^ 
pound. 

Cyanick, NHjPtCy. — Obtained by adding hydrocyanic 
acid to a solution of biammonio-platinous oxide, cyanide of 
ammonium being formed at the same time (Reiset) : 

NaHfiPtO + 2HCy = NHgPtCy + NH^Cy + HO. 

Also, by digesting ammonio-platinous chloride with cyanide of 
silver. It crystallises in fine regular needles of a pale yellow 
colour, soluble with tolerable facility in water and ammonia. 
An isomeric modification of this compound, (NHjPtCy)^^ 
NQHePtCy+PtCy, is formed by passing cyanogen gas into a 
moderately concentrated solution of biammonio-platinous 
oxide; the cyanogen then decomposes the water, forming 
hydrocyanic and cyanic acids, and the hydrocyanic acid acts 
upon the biammonio-platinous oxide, forming the compound 
(NHjPtCy)^, together with ammonia and water : 

2(NaHePtO) + 2HCy= (NH3PtCy)a-h2NH3+2HO. 

The compound, (NHgPtCy)^, crystallises out and may be 
purified by recrystallisation from water. It is also obtained 
by mixing a solution of biammonio-platinous chloride with 
cyanide of potassium. It forms crystals which, under the 
microscope, appear like six-sided tables arranged in stellate 
groups ; it dissolves without decomposition in potash, hydro- 
chloric acid, and dilute sulphuric acid, but is decomposed by 
strong sulphuric and by nitric acids (Buckton).t 

The sulphat€,T!Jll^Vt.SO^.UO, and the nitrate, NHaPt-NOg, 
are obtained by boiling the iodide with sulphate and nitrate 

* Ann. Ch. Pluurm. xoix. 96. 
t Ohem. Soo. Qa. J., ir. 84. 
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of silver ; they are crystaUine^ and have a strong acid reaction. 
The sulphate retains one atom of water^ which cannot be re- 
moved without decomposing the salt. 

2. BiammoniO'platinoua totnpounds, orProtosalts of Ammo- 

platammomum.— Oxide, NaHgPtO . HO=NH2(NH4)Pt ,0-f 
HO. — Obtained by decomposing the solution of the sulphate 
with an equivalent quantity of baryta-water^ and evaporating 
the filtrate in vacuo; a crystalline mass is then left^ con- 
taining N^HgPtO . HO. The oxide is not known in the anhy- 
drous state. The hydrate is strongly alkaline and caustic^ 
like potash, absorbs carbonic acid rapidly from the air, and 
precipitates oxide of silver from the solution of the nitrate. 
It is a strong base, neutralising acids completely, and ex- 
pelling ammonia from its salts. It melts at 280^, giving ofif 
water and ammonia, and leaving the compound NHjPtO. 
Its aqueous solution does not give off ammonia, even when 
boiled. 

Chloride, NaHgPtCl = NH3(NH JPt . CL— This compound 
is prepared by boiling protochloride of platinum, or the green 
salt of Magnus, with aqueous ammonia, till the whole is dis- 
solved, and evaporating the liquid to the crystallising point. 
Or, by passing sulphurous acid gas into bichloride of platinum 
till the solution is completely decolorised, precipitating with 
carbonate of soda, dissolving the precipitate of sodio-platinous 
sulphite in hydrochloric acid, saturating the resulting solution 
of chloride of sodium and platinous chloride with ammonia, 
and dissolving the precipitate of NjHgPtCl and NHgPtCl 
in boiling hydrochloric acid. The filtered liquid on cooling 
deposits NHgPtCl, while the biammoniacal compound remains 
in solution and may be obtained by evaporation, mixed how- 
ever, with sal-ammoniac. It separates in bulky crystals of a 
faint yellow colour, containing I eq. water, which is com- 
pletely given off at 280°. At 482° it gives off ammonia, and 
leaves NHjPtCl. The anhydrous compound rajudly absorbs 
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water from tbe air. The hydrate does not give off ammonia 
when treated with caustic alkalies in the cold, and is bnt 
very slowly decomposed by i^em, even with the aid of heat. 

Chloride of ammo^platammonium forms two compounds 
with bichloride of platinum. The firsts whose formula is 



2(NHa (NHJ Pt . CI) + PtCLj, is obtained as an olive-green 
precipitate on adding bichloride of platinum to a solution of 

NH7(NH^t.a; the second, NH^CNHJPt. a + PtCly 
by treating the preceding with excess of bichloride of pla- 
tinum. 

The bromide and iodide of this series are obtained by 
treating the solution of the sulphate with bromide or iodide 
of barium : they crystallise in cubes. 

The mlphate, NH^ (NHJ Pt . SO4, and the mtrate, 
NH2(NH4)Pt.NOg, are obtained by decomposing the chloride 
with sulphate or nitrate of silver; they are neutral, and 
crystallise easily. 

Carbonates. — The hydrated oxide absorbs carbonic acid 

rapidly from the air, forming first, a neutral carbonate, 

, * — ^ 

NHa (NH4) Pt . CO3 + HO, and afterwards an add salt, 

NHa(NHJPt.C03 + CO3H. 

3. AmmoniO'platinic compounds; or, Bi^Ms of platam^ 

^ • s 

monium, — The o^de, NH3Pt02=NH3Pt . O^ may also be 

regarded as oxide of oxyplatammonium, NH3 (PtO) .0. It is 
obtained by adding ammonium to a boiling solution of am- 
monio-platinic nitrate ; it is then precipitated in the form of 
a heavy, yellowish, crystalline powder, composed of small, 
shining, rhomboidal prisms ; it is nearly insoluble in boiling 
water, and resists the action of boiling potash. Heated in a 
close vessel, it gives off water and ammonia, and leaves metallic 
platinum. It dissolves readily in dilute acids, even in acetic 
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acid^ and fonxuf a large number of erystaUisable salts, both 
neutral and acid, having a yellow colour, and sparingly soluble 
in water (Qerhardt).* Another compound of platinic oxide 
with ammonia, called fulminating platinum, whose Gomi>o- 
sition has not been exactly ascertained, is produced by de- 
composing chloroplatinate of ammonium with aqueous potash. 
It is a straw-coloured powder which detonates slightly when 
suddenly heated, but strongly when exposed to a gradually 
increasing heat. ^ , 

CM&ride, NHaPtCla = NHgPt . CI, = NH3 (PtCl) . CI. — 
Obtained by passing chlorine gas into boiling water in which 
the compound NHjPtCl (the yellow modification) is bus- 
pended. This compoiind is insoluble in cold water, and very 
slightly soluble in boiling water, or in water containing hy- 
drochloric acid. It dissolves in ammonia at a boiling heat, 
and the solution, on cooling, deposits a yellow precipitate, 
consisting of biammoniacal platinic chloride. The compound 
NHjPt . C\ dissolves in boiling potash without evolving am- 
monia. An isomeric compound, 

(NHaPtCg^ = NaHgPtCla + PtCl^, 

is obtained by passing chlorine into water in which Magnus's 
green salt is suspended. A red crystalline powder is at first 
precipitated, consisting of NgHfiPtCl + PtCl*, ; but on con- 
tinuing the passage of the chlorine, this precipitate redis- 
solves, and the solution yields, by evaporation, the crystalline 
compound (NHgPtCyj. 

The mlphate, NHgPt . (804)^, is obtained by dissolving the 
oxide in dilute sulphuric acid, and evaporating. It is a yellow 
powder, having an acid taste, and is soluble in boiling water. 

Nitrates. — A mononitrate, NHgPtOa.NOg + 3H0, or 



fNO 



orynitrate, NBLgPt A q + 3H0, or nitrate of oxyplat-- 



* Comptes Sendus de« Traratti de Chimie, 1849, p. 273. 
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ammonium, NH3 (PtO) . NO^ + 3HO, is obtained by boiling 
the chloride NHjPtCl, for several hours with a dilute solution 
of mtrate of silver. It is a yellowy erystalline powder, spar- 
ingly soluble in cold^ more soluble in boiling water. The 

binitrate, NH^Pr2N06 + 2H0, is obtained by dissolving 
the mononitrate in nitric acid : it is yellowish, insoluble in 
cold water, soluble in hot nitric acid. 

The oxalate, NHaPtOj .CA + 2H0, or NHgPtf ^a^* + 

2H0, or NH3 (PtO).C204 + 2H0, is formed by decomposing 
the nitrate with oxalate of ammonia. It is a light yellow 
precipitate, soluble in boiling water, and detonating when 
heated. 

4. BiammoniO'plaiinic compounds, or Bi-saUs of ammo^ 
platammomum. — The oxide of this series has not yet been 
isolated. 



Chloride. —-iJ^ HfiPtCla = N H^CN HJ Pt.Cl, = 

NHa (NH^) (PtCl) . CI. — Obtained by passing chlorine gas 
into a solution of biammonio-platinous chloride, N^jH^PtCl ; 
by dissolving ammonio-platinic chloride, NHjPtCl^ in am- 
monia, and expelling the excess of ammonia by evaporation; 
or by precipitating a solution of one of the nitrates, 

NjHePtOa . NO5, or N^HePtClO . NO5, 

with hydrochloric acid. It is white, and dissolves in small 
quantity in boiling water, firom which solution it is deposited 
in the form of transparent, regular octohedrons, having a 
faint yellow tint. When a solution of tbis salt is treated 
with nitrate of silver, one half of the chlorine is very easily 
precipitated, but to remove even a small portion of the re- 
mainder requires a long-continued action of the silver-salt; 
a result easily explained if the salt be regarded as a chlo- 
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ride of amino*chIoTpIatammoiuuin, NHjlNHJ (PtCl) .CI 
(Grimm.)* A compound haying the formula NsIIgPtCl^ 
containing^ therefore^ 1 eq. CI and 1 eq. H less than the pre- 
cedingj is obtained by dissolving chloroplatinate of ammonium 
in ammonia^ and precipitating by alcohol; but it does not 
crystallise^ merely drying up to a pale yellow, resinous mass : 
hence its composition is doubtful. 

Nitrates. — ^A mononitrate, NgHfiPtOg.NOj^or oxynitrateof 

ammoplatammomum,NH2(NH4)Pt| q®, or nitrate of am- 

mdxyplatammonium, NH2 (NHJ (PtO) . NOg, is obtained by 
boiling the following salt by with ammonia: it is a white 
amorphous powder, slightly soluble in cold, more soluble in 
boiling water. 

Sesquinitrate, gCNaHgPtOa) . 3NO^ or 

, . ^ .. f3N0 NH,(NH,)(Pt6) 

V / I ^ NH,(NH,)(PtNOe)j 

■ 

Formed by boiling the mononitrate of ammoplatammonium 
with nitric acid. It is a colourless, crystalline, detonating 
salt, slightly soluble in cold water, more soluble in boiling 
water, insoluble in nitric acid (Gherhardt). 
Chloronitrates.—a. NaHePtClO . NO5 ; or 

NH^lNHJPt . { ""^ct; or NH^(Nlij^^^ . NOe- — This salt 

was discovered by Gros. It is obtained by treating Magnuses 
green salt with strong nitric acid. The green compound first 
turns brown, and is afterwards converted into a mixture of 
platinum and a white powder, which is dissolved out by boil- 
ing water, and crystalUses on cooling in shining flattened 
prisms, colourless, or having a pale yellow tint. The reaction 
may be thus represented : — 

2(NH3Pta) +H0 . N05=N2H6PtCl . N06 + Pt+ HCl. 

* Ann. Ch. Fharm. xcix. 77. 
VOL. II. D D 
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This oompound dissolves readily in water^ eq^ecially wli^i 
heated. The chlorine and platinum contained in the solution 
cannot be detected by the oidinary reagents ; thus^ nitrate of 
silver and hydrosolphuric acid yield but very trifling precipi- 
tates^ even after a long time, 

b. 4NH3 . PtjClOj . 2NO5, or ^j3?22^JO^^ j . 2N06. 

NH2(NHJ(PtCl)) 

Discovered by Raewsky. When Magnus's green salt is boiled 
with a large excess of nitric add^ red fiimes are evolved^ and 
the resulting solution deposits this salt in small, brilliant^ 
needle-shaped prisms, which deflagrate when heated, giving 
off* water and chloride of ammonium, and leaving metallic 
platinum. Raewsky assigns to this salt the formula 
4NH3 . PtjClOg . 2NO5 ; but the formula above given, which 
is deduced firom Oerhardt's analysis, and contains 20 leas, 
is much more probable, as it accords with the constitution of 
the other compounds of the series. The 2 atoms of nitric 
acid contained in this salt may be replaced by 2 atoms of 
carbonic or oxalic acid, yielding sparingly soluble crystalline 
salts of exactly similar constitution. There is also a phos- 
phate containing 4NH3 . Pt2C103 . PO5 . HO, obtained by 
mixing the solution of the nitrate with ordinary phosphate of 
soda. According to Raewsky, the mother-liquor from which 
the preceding nitrate has crystallised, contains another nitrate 
whose formula is 4NH3 . PtjClaO^ . 2NO5 ; but Gerhardt 
finds this salt to be identical with the nitrate discovered by 
Gros. 

Chhroiulphate, N2HePtClS04=NH^(NHj(P^ . SO^.— 
Obtained by treating biammonio-platinic chloride, or Gros's 
nitrate, with dilute sulphuric acid, or by mixing the solution 
of the nitrate with a strong solution of a soluble sulphate. It 
crystallises in slender needles, sparingly soluble in cold water, 
but dissolving with tolerable facility in boiling water. The 
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Bulphturic add in the solution is not precipitated by baryta- 
salts. The salt ia, however, decomposed by hydrochloric or 
nitric acid, either of which takes the place of the sulphuric 
acid, reproducing the chloride or nitrate (Ghros). 

CUoroxalate, tJ^UoPiClO . Cfi^ = NH^jNHJPt { * CI "^ 

NH2(NH4)(PtCl) . C2O4.— Oxalic acid or an alkaline oxalate 
added to the solution of the corresponding sulphate or nitrate, 
throws down this salt in the form of a white granular pre- 
cipitate, insoluble in water. 

Oxahnitrates. — a. 'Hi^U^VtO^ . NO5 . CaOj = 

Deposited as a white crystalline body from a solution of 

the following salt b in dilute nitric acid. 

..^-^^v-.^^ / 2C3O4 
b. 2(N2H,Pt02) . NO5 . 20^03 = 2(NH2(NHJPt) . NOg = 
. ^ . I O 

NHj(NHt)(PtN06) } 2Ca04.-Obtained by adding oxalate of 
ammonia to a solution of the sesquinitrate ; it is insoluble in 
water (Oerhardt). 

OEBHA&DT's theory of the AMMONIACAL PLATINUM 

COMPOUNDS. 

These compounds may be regarded as salts of peculiar bases 
or alkalies, formed from ammonia by the substitution of one 
or two atoms of platinum for hydrogen; admitting, however, 
that platinum (like other metals) may enter into its com- 
pounds with two different equivalent weights, viz., in the 
platinoie^ compounds, as Platinosum = 98'68 = Ft, and in the 
platini^ compounds, as Platinicum = 49*34 = pt. This being 
admitted, the ammonio-platinous compounds may be regarded 
as salts of an alkali, called Platosamine = NH^Pt, formed 
from ammonia by the substitution of 1 atom of platinosum for 
1 atom of hydrogen ; and the biammonio-platinous compounds, 
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as salts of Diplatasamine ^ N^H^Pt, formed by the union of 
two atoms of ammonia into one, and the substitution therein 
of 1 Pt for IH : thus for the chlorides : — 

NH3PtCl=Hydrochlorate of Plat08amine=NH3Pt . HQ; 

NaH6PtCl= Hydrochlorateof DiplatosaminerrNaH^PtHa; 

and for the nitrates : — 
NH3Pt.NOe=Nitrate of Platosamine^NH^Pt . HNOg; 
N2HgPt.N06= Nitrate of Diplatosamine=N2H5Pt . HNOg. 

In a similar manner, the ammonio-platinic compounds 
may be regarded as salts of Platinamine = NHpt^, and the 
biammonio-platinic compounds as salts of Diplatinofnine = 
N2H4pta; thus — 

NHaPtCl, = Bihydrochlorate of Platinamine = NHptj . 2KCI. 
NaHgPtCl^ = Bihydrochlorate of Diplatinamine = NgH^ptj . 2HCL 

Diplatinamine forms three kinds of salts, viz., mono-add, 
sesqui-acid, and bi-acid salts; and, moreover, exhibits a 
peculiar tendency to form double salts containing two acids : 
thus, the salts discovered by Oros may be regarded as bi-acid 
salts, and those discovered by Raewsky, as sesqui-acid salts 
of diplatinamine containing hydrochloric together with another 
acid; thus: — 

MononitratesNaHePtOa . N05=N2H4pta . HN0e4- HO. 

Sesquinitrate=2(NaHePtOa) . 8N05=2NaH4pta . SHNOg + HO. 

^^^)] =N,H.RaO.NO..N.HA. {«^^^ 

?Z^^^} =N.H„P^aO,«0. = 2N,HA .{ ™ 0.+ H°' 
Oxalonitrate = NjHgPtOj . NO5 . C jO, = NjH j)tj . | ^q* 
Sesqui-oxaloiutrate = 2(NjHgPtOa) . NO5 . 2Cj03 = 
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ESTIMATION AND SEPARATION OF PLATINUM. 

For quantitative estimation^ platinum is usually precipitated 
from its solutions in the form of cUoroplatinate of ammonium. 
The acid solution of platinum^ after sufficient concentration^ 
is mixed with a very strong solution of sal-ammoniac^ and a 
sufficient quantity of strong alcohol added to render the pre- 
cipitation complete. The precipitate of chloroplatinate of 
ammonium is then washed with alcohol, to which a small 
quantity of sal-ammoniac has been added, and then heated to 
redness in a weighed porcelain crucible, whereupon it is de- 
composed and leaves metallic platinum. Great care must, 
however, be taken in the ignition to prevent loss, as the 
evolved vapours are very apt to carry away small particles of 
the salt and of the reduced metal. The best mode of avoiding 
this source of error is to place the precipitate in the crucible 
enclosed in the filter, and expose it for some time to a moderate 
heat, with the cover on the crucible, till the filter is charred, 
and then to a somewhat higher temperature to expel the 
chlorine and chloride of ammonium. The crucible is then 
partially opened and the carbonaceous matter of the filter 
burnt away in the usual manner. When these precautions 
are duly observed, not a particle of platinum is lost. Instead 
of igniting the precipitate and weighing the platinum, the 
precipitate is sometimes collected on a weighed fiUer, dried 
over the water-bath and weighed ; but this method is less 
accurate, because the precipitate always contains an excess of 
sal-ammeniac (H. Rose). 

Chloride of potassium may also be used instead of chloride 
of ammonium to precipitate platinum, the concentrated so- 
lution of the platinum being previously mixed with a sufficient 
quantity of strong alcohol to bring the per centage of alcohol 
in the liquid to between 60 and 70 per cent. The precipitated 
chloroplatinate of potassium is then washed with alcohol of 
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60 to 70 per cent, and deoompoeed by simple ignition in a 
porcelain crucible, if its quantity is small^ or in an atmo- 
sphere of hydrogen if its quantity is larger ; the chloride of 
potassium washed out by water; and the platinum dried, 
ignited, and weighed. 

Potash and ammonia may also be estimated by precipitat- 
ing their solutions with chloride of platinum, and treating 
the precipitates in the manner just described. Every 100 
parts of platinum correspond to 47*88 parts of potash, and 
17*25 parts of ammonia. 

The same methods of precipitation s^re also for the 
separation of platinum from most of the preceding metala. 
To separate platinum from silver, when the two metals are 
combined in an alloy, the best method is to heat the alloy 
with pure and strong sulphuric acid, diluted with about half 
its weight of water, till the sulphuric acid begins to escape in 
dense fumes. The silver is thereby conyarted into sulphate, 
and the platinum remains behind in the metallic state. The 
sulphate of sUver is dissolved by a large quantity of hot 
water, the platinum washed with hot water, and again treated 
with sulphuric acid, to separate the last traces of silver. 



SECTION II. 

PALLADIUM. 

Eg. 53-36 or 665*9 ; Pd. 

This metal was discovered in 1803 by Dr. WoUaston. It 
is precipitated by cyanide of mercury firom the solution of 
the ore of platinum, after the removal of that metal by 
sal-ammoniac, and ia graduaUy deposited aa a yeUowiah white 
flocculent powder, which is cyanide of palladium, and yields 
the metal when calcined. Palladium likewise occurs, asso- 
ciated with a larger quantity of gold and a lunall quantity of 
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silver^ in a peculiar gold-ore from Bracil, called oropadre. 
This mineral^ which contaioB 10 per cent, of palladium, and 
is the chief source of that metal, is dissolved in aqua-regia, 
the add solution saturated with potash, and the palladium 
precipitated by cyanide of mercury. 

In external characters^ palladium closely resembles pla- 
tinum. It is nearly as infusible, but can more easily be 
welded. The density of the fused metal is 11*3 ; after being 
laminated, 11*8. At a certain temperature, the surface of 
palladium tarnishes and becomes blue from oxidation, but at 
a stronger heat the oxide is reduced. Palladium is very 
slightly attacked by boiling and concentrated hydrochloric 
and sulphuric acids. It dissolves in nitric acid, communi- 
cating a brownish red colour to the add, while no gas is 
evolved if the temperature is low, the nitric add being con- 
verted into nitrous acid. Palladium dissolves with facility in 
aquarregia; its surface is blackened by tincture of iodine, 
which has no effect upon platinum. 

Palladium is sometimes iised for making the divided scales 
of astronomical instruments ; bdng nearly as white as silver, 
and not blackened by sulphurous emanations, it is well 
adapted for that purpose. An alloy of palladium with 
1-lOth of its weight of silver is used by dentists. 

Palladium has a much greater aflSnity for oxygen than 
platinum. It forms two oxides, the protoxide PdO, and the 
bioxide PdO^. 

Protoxide of palladium, Palladous oxide, PdO, 61*27 or 
765'9. — This oxide is obtained by dissolving palladium in 
nitric add, evaporating the solution to dryness, and calcining 
the nitrate at a gentle heat. It forms a black mass, which 
dissolves with difficulty in acids. When carbonate of potash 
or soda is added in excess to a palladous salt, the hydrated 
protoxide precipitates of a very dark brown colour. This 
oxide is easily deprived of its water by heat, but a violent 
calcination is necessary to reduce it to the metallic state. 

D D 4 
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The palladous aalts are for the most part broira or red ; 
their taste is astringent, but not metallic. When ignited 
alone, or when gently heated in hydrt^en gas, they yield 
metallic palladium. The metal is precipitated from the solu- 
tions of palladous salts by phosphorus, by sulphurous add, by 
nitrite of potash, by all the metals irhich reduce silver, by 
formiate of potash, and by alcohol at a boiling heat. Hydro- 
sulphuric acid and hydrosulphate of ammonia throw down the 
brown sulphide of palladium, insoluble in the latter reagent. 
Hydriodic acid and iodide of potassium throw down a black 
precipitate of iodide of palladium, visible even to the 
500,000th degree of dilution. This reaction serves for the 
separation of iodine from bromine; for alkaline bromides do 
not precipitate palladous salts. Potash or soda forms a brown 
precipitate of a basic salt, soluble, with the aid of heat, in 
excess of the reagent. Ammonia produces no precipitate 
in a solution of palladous nitrate; but from a solution of 
the chloride it throws down a flesh-coloured precipitate of 
ammonio-chloride of palladium, soluble in excess of ammonia. 
The carbonates of potash and soda form a brown precipitate 
of hydrated palladous oxide. Carbonate of ammonia acts Hke 
ammonia. Phosphate of soda forms a brown precipitate. 
Ferrocyanide and ferricyanide of potassium form no preci- 
pitates, but the liquid after a while coagulates into a jelly. 
Cyanide of mercury throws down a white precipitate of 
cyanide of palladium. Protochloride of tin forms a black 
precipitate, which dissolves with intense green colour in 
hydrochloric acid. Protosulphate of iron precipitates palla- 
dium slowly from the nitrate, but not from the chloride. 
The reactions of palladium with hydrosulphuric acid, cyanide 
of mercury, and iodide of potassium taken together, serve to 
distinguish it from all other metals. 

Protostdphide of palladium, PdS, is obtained by precipi- 
tating a palladous salt by hydrosulphuric acid, and is of a dark 
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brown ooloar; it may also be prepared by tbe direct union of 
its elements. 

Protochloride of palladium, PdCl^ is prepared by dissolving 
palladinm in hydrochloric acid^ to which a little nitric acid is 
added^ and evaporating the solution to dryness^ to expel the 
excess of acid. The compound is a mass of a dark brown 
colour^ which becomes black when made anhydrous by heat^ 
and may be fused in a glass vessel. When heated in platinum 
vessels^ it becomes contaminated with the protochloride of that 
metal. When dissolved with chloride of potassium, it forms 
a double salt, KCl . PdCl, which is soluble in cold, and consi- 
derably more so in hot water, and crystaUises in four-sided 
prisms, of a dull yellow colour. Protochloride of palladium 
also combines with chloride of ammonium and chloride of 
sodium, according to Bonsdorff, and forms double salts with 
most other chlorides. 

Protocyamde of palladium, PdCy, is always formed when 
cyanide of mercury is added to a neutral solution of palladium, 
as a light-coloured precipitate, which becomes grey after dry- 
ing. When the solution of palladium is acid, no precipitate 
is formed, and when the solution contains copper, the preci- 
pitate has a green colour. Palladium appears to have a 
greater affinity for cyanogen than any other metal. Even 
cyanide of mercury is decomposed when boiled with protoxide 
of palladium, and cyanide of palladium formed. When this 
cyanide is dissolved in ammonia, and the excess of the latter 
allowed to escape by evaporation, a precipitate of brilliant^ 
colourless, crystalline plates is formed, which appears to con- 
sist of ammoniacal cyanide of palladium. 

Nitrate of palladium, PdO . NOg, is formed by dissolving 
the metal in nitric acid ; the solution dries up into a dark red 
saline mass. When an excess of ammonia is added to an 
add solution of this salt, and the solution evaporated by a 
gentle heat, a colourless nitrate of palladium and ammonium 
is deposited in rectangular tables. 
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Bioxide qfpaUadiumy Peroxide ofptUladium, PaUadic oxide, 
PdO„ 69*27 or. 865-9. — To prepare this oxide^ Berzelius re- 
commends a solution of the hydrate or carbonate of potask 
to be added by small quantities at a time, to the dry bichloride 
of palladium and potassium, mixing well afker eadi addition. 
A yellowish brown powder s^axates, which is the hydrated 
bioxide, retaining a little alkali. Washed with boiling water, 
it loses the greater part of its combined water and becomes 
black. This oxide dissolves with difficulty in acids; the solu- 
tions are yellow. The corresponding bisulphide of palladium 
has not been formed. 

Bichloride of palladium, PdCl^, is obtained in solution, 
when the protochloride is dissolved in concentrated aqua- 
regia, and the solution only slightly heated. Its solution is 
of so dark a brown as to appear black, and gives a red preci- 
pitate with chloride of potassium. When the solution is 
diluted or heated, chlorine gas is evolved, and protochloride 
of palladium reproduced. The double salt of this chloride 
and chloride of potassium is obtained by treating the double 
protochloride of palladium and potassium in fine powder with 
aqua-regia, and evaporating the supernatant fluid to dryness. 
It forms a cinnabar red powder, in which little octohedral 
crystals can be perceived, both the palladic and palladous 
double chlorides being isomorphous with the corresponding 
compounds of platinum. When treated with hot water, this 
double salt emits chlorine, and is in a great measure decom- 
posed. The salts of bioxide of palladium are scarcely known. 

Ammoniacal compounds of palladium, — A moderately con- 
centrated solution of protochloride of palladium treated with 
a slight excess of ammonia, yields a beautiful flesh-coloured 
or rose-coloured precipitate, consisting of NHgPdCl. This 
precipitate dissolves in a larger excess of ammonia; and the 
ammoniacal solution, when treated with acids, yields a yellow 
precipitate having the same composition. This yellow modi- 
fication is likewise obtained by heating the red compound in 
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the moist state to 212^, or in the dry state to 892^. The 
yellow compound dissolves abundantly in aqueous potash^ 
forming a yellow solution^ but without giving off ammonia^ 
even when the liquid is heated to the boiling point ; the red 
compound behaves in a similar mamier^ but^ before dissc^ng, 
is converted into the yellow modification. For this reason^ 
Hugo Miiller^ who has lately made the ammoniacal compounds 
of palladium the subject of an elaborate examination, regards 
the red compound as ammomo-paUadout chloride, NHj.PdCl, 

and the yellow, as chloride of palladammonium, NHgPd . CI. 
The yellow compound, digested with water and oxide of silver, 
jieldstheowide of palladammonium {or palladamine), VK^Vd.O. 
This compound is a strong base, analogous to oxide of plat- 
ammonium (p. 874). It is soluble in water, to which it com- 
municates a strong alkaline taste and reaction ; by evaporating 
the solution in vacuo, the base is obtained in the form of a 
crystalline mass, which absorbs carbonic acid rapidly from the 
air, especially when moist. It unites with acids, forming 
definite salts. Its solution precipitates the salts of silver and 
copper, and an excess of it does not redissolve the precipi- 
tates. Sulphite of palladammonium, NHjPd . SO3, is formed 
by saturating the solution of the oxide with sulphurous acid, 
or by the action of that acid on the yellow chlorine-compound : 
it crystallises in orange-yellow octohedrons. The sulphate, 

NHgPd . SO4, crystallises in a similar manner. The nitrate, 
iodide, and bromide have also been formed. The fluoride is 
obtained by adding the chloride to a solution of fluoride of 
silver. 

Chloride of ammopalladammonium (or chloride of pallad- 
diamine, according to Miiller), 



2NH3 . PdCl = NHa (NHJ Pd . CI, 

separates from the ammoniacal solution of chloride of pal- 
ladammonium^ in colourless, oblique rhombic prisms, which 
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at 392^ give off half their ammonia and are reduced to 
NHjPd.Cl. The iodide and bromide of ammopalladam- 
monium are likewiae obtained by treating the solntiona of 
iodide and bromide of palladium or palladammonium with 
ammonia. They both crystallise readily. The fluoride ia 
obtained by adding ammonia to the solution of chloride of 
palladammonium in fluoride of silver, and evaporating : it 
forms oblique rhombic prisms. The silico-fluoride is obtained 
in crystalline scales on adding hydrofluosilicic acid to any 80-> 
luble salt of ammopalladammonium. Oaide ofammopdUadam^ 

monium, NH3Pd . O. — By decomposing the solution of the 
chloride with oxide of silver, — or better, the sulphate with 
hydrate of baryta, a strongly alkaline solution is obtained, 
which, on evaporation, leaves the hydrated oxide in the form 
of a crystalline mass, though not quite pure. The solution 
precipitates the salts of aluminium, iron, cobalt, nickel, and 
copper, but not those of silver; expels ammonia from chloride 
of ammonium, on boiling; and absorbs carbonic acid firom 
the air. The carbonate obtained in this manner, or by do- 
composing the chloride with carbonate of silver, or the 
sulphate with carbonate of baryta, crystallises in shining, 
colourless prisms, which trim yellow a little above 212^; the 
solution is strongly alkaline, and gives copious precipitates 
with salts of lime, baryta, copper, and silver. The sulphite, 

NH^ {NH4) Pd . SO3, obtained by direct combination, or by 
the action of ammonia on sulphite of palladammonium, forms 
small prismatic crystals, sparingly soluble in water, insoluble 
in alcohol, and turning yellow at about 392^. The sulphate 
obtained by treating palladous sulphate with excess of am- 
monia, forms small colourless prisms, easily soluble in water, 
but insoluble in alcohol (Hugo Miiller).* 

• Ann. Ch. Fharm. Izuyi. 341. 
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ESTIMATION AND SEPARATION OF PALLADIUM. 

Palladium is always estimated in the metallic state. It is 
precipitated from its solutions in the form of cyanide by 
means of a solution of cyanide of mercury^ the liquid not 
containing any excess of acid. The precipitated cyanide of 
palladium is then reduced to the metallic state by calcination. 

Palladium may be separated from nearly all other metals 
either by precipitation as cyanide, or by precipitation with 
hydrosulphuric acid, or by the solubility of its oxide in am- 
monia. But to separate it from copper, with which it is 
associated in platinum ore, the two metals are precipitated 
together by hydrosulphuric acid, and the precipitate, while 
still moist, roasted, together with the filter, as long as sul- 
phurous acid continues to escape. The metals are thereby 
converted into basic sulphates, which must be dissolved in 
hydrochloric acid, the solution mixed with nitric acid and 
chloride of potassium, and evaporated ^to drjmess, A dark 
saline mass is thus obtained, consisting of chloride of potas- 
sium, chloride of copper and potassium, and chloride of pal- 
ladium and potassium ; and on treating this mass with alcohol 
of sp. gr. 0*833, the two former salts are dissolved, and the 
double chloride of palladium and potassium remains. 



SECTION III. 

IRIDIUM. 

Eg. 98-68, or 1233-5 ; Ir. 



The black scales which remain when native platinum is 
dissolved in aqua-regia, were discovered by Mr. Smithson 
Tennant to contain iridium and osmium.* The same alloy 
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ocean in flat wliiie metallic grains in native platinnm. 
dimn has alao been obsenred in combination with about 20 
per cent, of platinum^ crystallised in octohedronsy which are 
whiter than platinnm, and are said to have a greater density, 
namely 22*66. 

The separation of the osminm and iridium is effected by 
the following methods : — 1. The osmide of iridium is mixed 
with an equal weight of common salt, and subjected to the 
action of a stream of chlorine in a porcelain tube heated to 
redness. Double chlorides of iridium and sodium, and of 
osmium and sodium, are then formed ; and if the chlorine is 
moist, a certain quantity of osmic acid, which volatilises, and 
may be condensed in aqueous ammonia. The mixture of the 
double chlorides is detached from the tube and boiled with 
nitric acid. Osmic acid is then evolved, and may be con- 
densed in an alkaline solution, while the chloride of sodium 
and iridium remains in the solution, and, when mixed with 
sal-ammoniac, yields a precipitate of chloride of iridium and 
ammonium, which, on ignition, leaves pure metallic iridium 
(Wohler). — 2. A mb^ture of 100 grammes of osmide of 
iridium and 300 grammes of nitre is placed in an earthen 
crucible, and heated to bright redness for an hour, the re- 
sulting mixture of osmiate and iridiate of potash poured out 
on a cold metal plate, then introduced into a tubulated retort, 
and distilled with a large excess of nitric acid. A large 
quantity of osmic acid then volatilises and condenses in the 
receiver in beautiful white crystals. As soon as the evolution 
of osmic acid ceases, water is added, and the readue, con- 
sisting of oxide of iridium, with a certain quantity of oxide of 
osmium, is collected on a filter and boiled with aqua-regia, 
which dissolves the two metals as chlorides. The solution is 
then mixed with sal-ammoniac, which precipitates chloride of 
osmium and ammonium, and bichloride of iridium and am- 
monium ; and the mixed precipitate suspended in water and ex- 
posed to a current of sulphurous acid, whereby the compound 
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IrClQ.NH4Cl^ is conrerted into IrCl.NH4Cl, which diasolYes, 
while the chloride of OBmium and ammonium remains nn- 
altered and does not dissolve : this latter chloride yields pure 
metallic osmimn by calcination. The solution of protochloride 
of iridium and ammonium leaves^ when evaporated^ beautiful 
farown crystals, which yield metallic iridium by calcination. 

Iridium is obtained immediately from the chloride, hy 
decomposing that salt with hydrogen at a gentle heat, or by 
exposing it alone to a very high temperature, in the form of a 
grey metallic powder, much resembling spongy platinum; 
also, as above described, from the chloride of iridium and 
ammonium. It is one of the most refractory bodies known, 
not being fused by the oxyhydrogen blowpipe. Mr. Chil- 
dren, however, succeeded in fusing a portion of iridium iuto 
a globule, by the discharge of a very large voltaic battery. 
This globule was white and very brilliant, but still a little 
porous; its density was 18*68. Iridium is neither ductile 
nor malleable ; but it may be obtained in the form of a com- 
pact mass, very hard, and capable of taking a good polish, by 
moistening the pulverulent metal with a small quantity of 
water, compressing it lightly at first with filtering paper, 
afterwards very forcibly in a press, and calcining it at a strong 
white heat in a forge fire. The metal thus aggr^^ted is very 
porous, and its density does not exceed 16*0. Iridium be- 
comes white and brilliant by strong ignition, without fusion, 
and is afterwards insoluble in acids. If reduced by hydrogen 
at a low temperature, it oxidates slowly when heated to red- 
ness, or when digested in aqua-regia. Thia metal is gen«^y 
rendered soluble by one or other of the following operations. 
It is calcined with hydrate of potash or nitre, or with a 
mixture of these salts, which gives a compound of sesqui- 
oxide of iridium and potassium. Or, the metal is reduced to 
a fine powder, and intimately mixed with an equal weight of 
chloride of potassium or sodium, and the mixture heated to 
low redness in a stream of dilorine gas. The metal then 
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eombfam widi diloriiiey and the doable ddoride of iridium 
and potaannm or aodiiun is formed, which is soluble in water. 

Oande$ of iri£mm. — Iridinm fonns four compounds wilh 
oxygen, which are obtained by decomposing the cocieqionding 
chlorides. The protoxide of tru&un, IiO, is obtained from 
the chloride produced when iridinm is heated in chlorine gas; 
also by precipitating the donble chloride of iridinm and potas- 
sinm (KCl . IrCl) with carbonate of potash. The hydrate is 
then obtained of a greenish grey ooloor, which is solnble in. 
an exceas of the alkaline carbonate. This oxide is the base 
of a class of salts. The Mesgmomde of iridium, Irfi^ is 
formed when the metal is calcined with hydrate of potash or 
nitre. Berzelins recommends as the best process for pro- 
curing it^ to mix the doable bichloride of iridinm and potas- 
sium (KCl + IrCl^) with twice its weight of carbonate of 
potash^ and expose it to a low red heat. On dissolring out 
the alkaline salt, the sesquioxide remains as a very fine pow- 
der, of a black colour with a shade of blue. A heat above 
the melting point of silver is required to expel the oxygen 
from this oxide. It is reduced to the metallic state by hydro- 
gen gas at the usual temperature, an effect which appears to 
arise from the oxide of iridium having the property, as well as 
the metal, to determine the oxidation of hydrogen, a reaction 
which causes the oxide to be heated to the temperature at 
which it is itself reduced by hydrogen. The hydrate of this 
oxide dissolves in acids and forms a particular dass of salts, 
the solutions of which are sometimes of a very dark colour, 
resembling a mixture of water and venous blood. 

Bioxide of iridium, or Iridic oxide, IrO^. — A solution of 
sesquichloride of iridium mixed with potash yields no preci- 
pitate at first; but if the liquid be heated out of contact with 
the air, it quickly assumes an indigo colour, absorbs oxyg^i 
from the air, and deposits hydrated iridic oxide, IrO^ . 2HO, 
which may be rendered anhydrous by calcination. This oxide 
is likewise obtained by dissolving the hydrated sesquioxide in 
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p6tash^ and treating the solution with an acid. A greenish- 
blue precipitate is then formed, which gradually absorbs 
oxygen from the air^ and assumes an indigo colour (Claus). 
This oxide forms salts whose solutions are of a dark, brown- 
red colour and almost opaque when concentrated, but reddish- 
yellow when dilute. HydrostUpkuric acid decolorises the 
solutions at iSrst, and afterwards forms a brown precipitate ; 
hydrosulphate of ammonia also forms a brown precipitate. 
Potash and ammonia decolorise the solution, and produce 
only a slight black precipitate; but the liquid, on exposure to 
the air, soon acquires a very fine blue colour. Carbonate of 
potash forms a red-brown precipitate, which gradually dis-- 
solyes, the liquid afterwards turning blue when exposed to 
the air. Carbonate of ammonia imparts a blue colour to the 
liquid under the influence of the air. Chloride of ammonium 
forms a dark, cherry-red pulverulent precipitate of bichloride 
of iridium and ammonium. Ferrocyanide of potassium and 
protostUphate of iron decolorise the solution. Protochloride 
of tin forms a light brown precipitate. Zinc precipitates 
metallic iridium as a black powder. 

Teroande of iridium, IrOj, is formed in small quantity 
when the alloy of osmiimi and iridium fused in nitre is 
digested in aqua-regia. The double terchloride of iridium 
and potassium then formed yields a rose-red solution, which, 
when treated with an alkali, slowly deposits the teroxide 
as a greenish-yellow precipitate, retaining, however, a cer- 
tain quantity of the alkali. The salts of the protoxide 
and teroxide afford blue and purple solutions when mixed, 
depending probably on the formation of one or more com- 
binations of these oxides. The name iridium (from Iris) was 
applied to this metal, from the variety of colours which its 
preparations exhibit. 

Sulphides of iridium, corresponding with the oxides of the 
same metal, have been formed. 

Chlorides of iridium. — The protochloride, IrCl, is formed 
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wlien iridiiim in powder is heated to low redness in cUorbie 
gas. As thus prepared^ it is insoluble in water^ but slightly 
soluble in hydrochlorie add. It forms doable salts with the 
chlorides of potassium^ ammonium^ and sodium. 

The sesquicMoride, Ir^Clj^ is prepared by dissolving the 
sesquioxide in hydrochloric add. It is blacky deliquescent^ 
and does not crystallise. It forms soluble double chlorides^ 
which are decomposed by ebullition into iridous douUe chlo- 
rides (containing IrCl), which remain in solution^ and iridic 
double chlorides (containing IrCl^)^ which are predpitated. 
ClauB has obtained the compounds, 8KC1 . Ir^Cl, + 6HO ; 
8NH4a . Ir^aj + 8HO ; and SNaO . Ir^Cl, + 24HO. 

The bichloride, IrCl^ is obtained by dissolving very finely- 
divided iridium, or one of its oxides, in aqua-regia, the liquid 
being heated to the boiling point. It dissolves in water, 
forming a reddish-yellow solution. It combines with other 
chlorides, forming very definite salts. The potassium-salt, 
chloridiate of potasriwm, IrCLj.KCl.HO, crystallises in black 
octohedrons, yielding a red powder, and soluble in water, to 
which it imparts a red colour. Chloridiate of amnumium, 
IrCl^ . NH4CI . HO, is obtained, on mixing the solutions of 
the two chlorides, as a very dark brown precipitate^ which 
dissolves in boiling water, and crystallises in octohedrons on 
cooling. Its colouring power is very great, 1 part of it 
sufiicing to impart a distinct coloration to 40,000 parts of 
water. The red colour often exhibited by chloroplatinate of 
ammonium is due to traces of this salt. Chloridiate of am- 
monium dissolves in sulphurous add, and is thereby converted 
in a soluble and crystallisable compound of NH4CI, and 
IrCl ; the separation of iridium and osmium depends upon 
this property. Bichloride of iridium, free or combined with 
other chlorides, is also reduced to the state of protochloride 
by potash, hydrosulphuric add, ferrocyanide of potassium, 
and alcohol. According to Claus,* the bichloride is converted 

* Liebig and Eopp's Jbliresbericht, 1855, p. 427. 
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by potash into the olive-green sesquichloride, hypochlcmte of 
potash being fonned at the same time. The alkaline solution 
when heated beoomes ooloorless^ and afterwards yiolet-red^ 
and yields a blue precipitate of the hydrated bioxide; the 
decolorised alkaline solution, mixed with a few drops of 
alcohol and heated, deposits metallic iridium. Nitrate of 
silver added to the solution of the bichloride forms a blue pre- 
dpitate, which quickly loses its colour and passes into the 
compound Ir2Cl3 . SAgCl. Mercurous nitrate forms a light 
ochre-yellow precipitate of Ir^Clg . SHg^Cl. 

Terehlaride of iridinm, IrClg, is formed by treating an 
oxide or a lower chloride of iridium with very strong aqua- 
regia, at a temperature not exceeding lOl^ or 122^ {4ff or 
50^ C). Its colour is a deep brown, nearly approaching to 
black; it is soluble in water, and deliquescent. It forms 
double chlorides with the dilorides of the alkali-metals. 

Carburet of iridium. — When a coherent mass of iridium is 
held in the flame of a spirit lamp, bladL masses appear on its 
surface, which are a carburet, containing 19*88 p^ cent, of 
carbon, or IrC4. The carbon bums off readily in the air. 

Iridic sulphate is obtained by dissolving bisulphide of 
iridium in nitric acid and expelling the excess of acid by 
evaporation. It dissolves in water and alcohol, forming 
orange-yellow solutions, which on evaporation leave the salt 
in the form of a syrupy uncrystallisable mass. 

Amhoniacal Compounds of Iridium. — Ammonio-iridious 

chloride, NHg . IrCl, or Chloride t^iridammonium, NHglr . CI. 
— Prepared by heating bichloride of iridium till it is converted 
into protochloride, dissolving the brown resinous residue in 
carbonate of ammonia, and adding hydrochloric acid in slight 
excess. The compound then separates in the form of a yellow 
granular precipitate, insoluble in water. The oxide correspond- 
ing to this chloride has not been obtained in the free state. 

The sulphate NHglr . SO4 is obtained by heating the chloride 

■ S 2 
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with dilate snlphuric acid. It crystallises in large orange- 
yellow laminse^ easily soluble in water. Biaminumio4ridUms 
chloride, 2NH3 . IrCl| or Chloride of ammiridammamwm, 

NH2(NH4)Ir.Cl, is obtained, as a white precipitate, by 
boiling the compound, NHjIr . CI, with excess of ammonia. 
Treated with moderately strong sulphuric acid, it yields 

the corresponding sulphate, NH2(NH4)Ir . SO4, in rhombic 
prisms ; and, by decomposing this salt with nitrate of baryta, 
or decomposing the chloride with nitric add, the nitrate is 
obtained in yellow needles, which dissolve readily in water, 
melt when heated, and then suddenly decompose with flame. 

A chloronitrate of ammiridammonium, NH2(NH4)Ir . | q*, 

^ » s 

or nitrate of ammochloriridammoniuin, NH3(NH4){IrCl).N05, 
analogous to Qros's platinum-nitrate (p. 879), is obtained as a 
yellowish, crystalline, granular mass, by heating the chloride 
of iridammonium, NHglr . CI, with strong nitric acid ; when 
recrystaUised from water, it forms shining yellow, laminar 

crystals. Bichloride of ammiricktmmomum, ^H^il^H^)!! . Cl^ 

^ * 

or chloride of ammo-chloriridammoniumyiiH^f^ll^) (IrCl) . CI, 

is obtained by treating the last-mentioned salt with hydro- 
chloric acid^ in the form of a violet precipitate, which dissolves 
readily in hot water, and separates from the solution in violet 
crystals. Nitrate of silver added to the solution throws down 
only half the chlorine. The nitrate, treated with dilute sul- 
phuric acid, yields the chlorosulphate of ammiridammonium 

in delicate greenish, needle-shaped crystals (Skoblikoff). 

. ' . 

The compound SNH. . IrClo, or ^ ^^^^^^^^^,^ 1 CI3, is ob- 

NH(NH4)^ri 

tained by mixing a dilute solution of Ir^Clg + 8NH4CI, mixed 
with excess of ammonia, and leaving the mixture in a well- 
closed and completely filled bottle for some weeks in a warm 
place ; heating the liquid, which has then acquired a rose- 
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coloTETy to expel the excess of ammonia; neutralising with 
hydrochloric acid ; evaporating to dryness ; and treating the 
greenish yellow residue with cold water to extract the chloride 
of ammonium. A light flesh-coloured^ finely crystalline 
powder then remains^ which, when dissolved in hoiling water, 
acidulated with hydrochloric acid, yields, on cooling, a crys- 
talline precipitate of 5NH3 . Ir^Clg mixed with sesquichloride 
of iridium. This compound when dissolved in a boiling solu- 
tion of ammonia, is partiaUy decomposed, with separation of 
blue hydrated bioxide of iridium ; when digested with water 
and oxide of silver, it yields a rose-coloured alkaline solution 
of the base 5NH3 . Ir^Oj. This solution, saturated with various 
adds, yields : — the carbonate, 5NH3 . Ir^O^ . SCOj+SHO, in 
the form of a finely crystalline powder, having a light flesh- 
colour and alkaline reaction ; the nitrate, 5NH3.Ir2O3.3NO5, 
in indistinct, light flesh-coloured, neutral prisms; and the 
sulphate, 5NH3 . ^^03 . 3SO4, as a neutral crystalline salt of 
similar colour. All these salts are soluble in water (Claus). 



ESTIMATION AND SEPARATION OF IRIDIUM. 

The quantitative estimation of iridium is effected in the 
same manner as that of platinum, viz. by precipitating with 
sal-ammoniac and igniting the precipitate. The same method 
serves to separate iridium from all the preceding metals 
except platinum. The separation of these two metals is 
effected by the method already described for the preparation 
of pure platinum (p. 336) ; viz. by precipitating with chloride 
of potassium, fusing the precipitate with carbonate of potash, 
and dissolving out the platinum with aqua-regia. 
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SECTION IV. 

OSMIUM. 

Eg. 99-56 or 1244'5 ; 0«. 



In the treatment of tlie aUoy of iridium and oeminniy tbe 
latter is separated as a volatile oxide, or osmie acid (p. 394). 
To obtain the metal, a solution of osmie acid is mixed with 
hydrochloric add, and digested with mercury in a weU dosed 
bottle at a temperature of 104P (40° Cent.). The osmium is 
reduced by the mercury, and an amalgam formed, which ia 
distilled in a retort, through which a stream <^ hydrogen 
is passed, till all the mercury and calomd formed are re« 
moved : osmium then remains as a black powder without 
metallic lustre. Metallic osmium is also obtained by igniting 
the sesquichloride of osmium and ammonium mixed with sal- 
ammoniac. 

When rendered coherent, osmium is a white metal, less 
brilliant than platinum, and very easily pulverised. Its den- 
sity is about 10. As obtained from the amalgam, osmium is 
highly combustible ; when a mass of it is ignited at a point, 
it continues to redden, and bums without residue, being con- 
verted into the volatile oxide or osmie add. Osmium in the 
same condition is oxidated by nitric add or aqua-regia, and 
the osmie acid formed distills over with the water and add. 
But after being exposed to a red heat, osmium becomes much 
less combustible in air, and is not oxidated by the humid way, 
resembling silicon and titanium in that respect. Six different 
oxides of this metal have been obtained, namdy, OsO; 
OS3O3 ; OsOa ; OsOj ; OsO^ ; and OsOg. The three lowest 
of these oxides are analogous in composition to the oxides 
of iridium. 

Chlorides and oxides of osmium. — ^When osmium is heated 
in a long glass tube by a spirit lamp, and chlorine gas passed 
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oyer it^ two chlorides are formed^ which condense separately 
in the tube^ owing to a difference in their volatility. The 
protochhride, OsCl^ which is the least volatile^ crystallises in 
needles of a deep green colour. It is. deliquescent^ and forms 
a green solution remarkable for its beauty. This solution is 
instantly discoloured by great dilution^ metallic osmium being 
deposited^ and hydrochloric and osmic acids remaining in 
solution* Chloride of osmium combines with alkaline clilorides, 
and acquires greater stability. The protoande, OsO, is obtained 
by adding potash to a solution of protochloride of osmium and 
potassium; after some hours^ a deep green^ almost blacky 
powder is precipitated, which is the hydrated oxide. This 
hydrate contains alkali. It dissolves slowly but completely in 
adds, and gives solutions of a deep green colour. 

Sesquioande of osmium^ Os^Oj, is not known in the separate 
state ; but when a mixture of osmic acid and ammonia is kept 
for some hours at a temperature of 100^ to 120^, nitrogen gas 
is evolved, and a black substance is deposited, containing 
the sesquioxide in combination with ammonia. It dissolves 
slowly in acids, and forms yellowish brown solutions, which 
become brown-black when they contain much oxide. The 
metal is not precipitated firom these solutions by zinc or iron. 
The corresponding sesquichhride of osmium is obtained in 
combination with chloride of potassium as a double salt, 
when the preceding oxide containing ammonia is dissolved in 
hydrochloric acid, and evaporated to. dryness ; the compound 
is not crystalline. 

Bichloride of osmium, OsCl^ is the more volatile chloride 
produced when osmium is heated in chlorine. It condenses 
as a dark red floury powder. Exposed to air, it attracts a 
little moisture, and forms dendritic crystals. It is soluble in 
a small quantity of water, giving a yellow solution, but is de- 
composed by a large quantity, like the protochloride. The 
bichloride of osmium and potassium is prepared in the same 
manner as the corresponding salt of iridium. In powder, it 
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is of a red ooloar like miniiiiii, bat farms abo the usual cx!ta- 
hedral dystalsy KCl . OdH^ wbidi are hrovii. A sohition of 
this doaUe salt, mixed with carbonate of potash or soda, 
afTords afto* a time, or immediate! j, if heated, the co r respond- 
ing biaxide af onmmm or ofsur oxide y OsO,, as a broim 
powder, which appears black when coDected. This oxide, like 
the peroxide of iridinm, is reduced by hydrogen at (nrdinary 
temper ature s. It is a base capable of uniting with acids at 
the moment of its formation. 

Osmie wiphate is obtained by treating one of the sulphides 
of osmium with nitric acid ; when dried as completely as pos* 
sible, it forms a dark yellowish brown syrup, which dissolves 
in water. The reactions of osmic salts (e. g, of the bichloride 
of osmium and potassium) in solution, are as follows : — 
Potash forms a black precipitate, slowly in the cold, im- 
mediately on boiling; ammonia, a brown precipitate, after 
some time; carbonate of potash, the same; chloride of am- 
monium, a red precipitate ; protochhride of tin, a brown 
precipitate; mercurous nitrate, yellowish white; nitrate of 
silver, dark olive-green; hydrosulphuric acid, a yellowish 
brown precipitate after some time ; hydrostdphate of ammonia, 
a yellowish brown precipitate insoluble in excess. No pre- 
cipitate is formed by oxalic acid, ferrocyanide or ferricyanide 
of potassium, or ferrous sulphate. Zinc throws down part of 
the osmium in the metallic state. Iodide of potassium does 
not form any precipitate, but imparts a deep purple-red 
colour, which does not disappear when the liquid is heated. 
Tannic acid imparts a deep blue colour. 

Osmious acid, OsOg. — This acid is not known in the 
separate state, being resolved at the moment of separation 
from its combinations, into osmic acid and osmic oxide, 
2OSO3 = OsO^ + OsOa. Osmite of potash, KO . OsOj + 
2H0, is obtained by the action of reducing agents on the 
osmiatc ; thus, when a few drops of alcohol are added to a 
solution of osmiate of potash, the osmite is precipitated in the 
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form of a rose-coloured crystalline powder^ a strong odonr of 
aldehyde being at the same time evolved, due to the oxidation 
of the alcohol. Osmite of potash may be obtained in octo- 
hedral crystals of considerable size, by mixing a solution of 
osmiate with nitrite of potash, and leaving the mixture to 
evaporate slowly. The salt is likewise obtained by dissolving 
osmic oxide in osmiate of potash. It is rose-coloured, soluble 
in water, insoluble in alcohol and ether, permanent in dry air, 
but changes into osmiate under the influence of air and water. 
Chlorine converts it into osmic oxide and osmiate of potash. 
It is decomposed by acids, even by the weakest, osmic oxide 
being precipitated and osmic acid evolved. Sulphurous acid 
introduced into a solution of this salt, previously rendered 
alkaline, throws down a yellow crystalline precipitate, con- 
taining a salt whose acid is formed of osmium, oxygen, and 
sulphur. Chloride of ammonium decomposes osmite of potash, 
forming a nearly insoluble yellow salt, NH4CI . OsO^NH^, 
which may be regarded as a compound of sal-ammoniac with 
osmiamide, OSO2NH2. This compound, heated in a stream of 
hydrogen, gives o£P ammonia and sal-ammoniac, and leaves 
metallic osmium. Osmite of soda is prepared in the same 
manner as osmite of potash, but does not crystallise so easily ; 
its solutions are rose-coloured. Osmious add does not com- 
bine with ammonia; the osmites of potash and soda are 
rapidly reduced by ammonia. 

A terchUyride of osmium has been obtained in combination 
with chloride of ammonium, as a double salt, when osmic add 
is saturated with ammonia, and treated after a while with ex- 
cess of hydrochloric acid, mercury being also placed in contact 
with it. After a few days, the liquid loses the odour of osmic 
add, and when evaporated to dryness, leaves the double salt 
in brown dendritic crystals. 

Osmic acid, OsO^, or the volatile oxide of osmium, is best 
obtained by the combustion of osmium in a glass tube through 
which a stream of oxygen gas is passed ; it is also obtained 
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by the acfeioB of nitric acid on osmium^ and in the decomposi- 
tion of osmites or osmatea by acids. It condenses in long, 
oolonrless^ regular prismatic needles. The odour of this com- 
pound is extremely add and penetrating, resembling that of 
the chloride of sulphur. It was from this property of its 
add^ which is so constantly observed when the oxidable com- 
pounds of osmium are heated in air^ that osmium obtained its 
name (firom oaf^of, odour). Its taste is acrid and burning, but 
not acid. It becomes soft like wax by the heat of the hand^ 
melts into a colourless liquid like water considerably below 
212^, and enters into ebullition a very little above its point of 
fusion. It is dissolved slowly, but in considerable quantity, 
by water. The solution has no acid reaction. Osmic acid is 
also soluble in alcohol and ether, but these soli^tions are apt 
to deposit metallic osmium. It is ^ weak add, being incapable 
of displacing carbonic acid firom the carbonates, in the himiid 
way, but forms a dass of salts, the osmiates. Osmic add is 
expelled by heat firom most of its combinations with bases. 

An add containing more oxygen than osmic add, and 
apparentiy having the formula OSO5, is formed by submitting 
the osmiates to the action of oxygen and oxidising agents. 
It is very unstable ; its potash and soda-salts have a dark 
brown colour, and sometimes crystallise in the alkaline 
liquids. If the formula OsOj be correct, the oxidation- 
series of osmium will present remarkable analogies with 
those of nitrogen, phosphorus, and arsenic (Fremy). 

Osmiamic acid, OS2NO5. — Formed by the action of am- 
monia on ospMC acid, 2O8O4 + NH3 . OajNOg + 8H0. Its 
potash-salt is obtained by adding ammonia to a hot solution 
of osmic add in excess of potash ; the deep orange colour of 
the liquid soon changes to light yellow, and osmiamate of 
potash separates in the form of a yellow crystalline powder. 
The osmiamates of the alkalies and alkaline earths and the 
sine-salt are soluble in water; the lead, mercury, and silver- 
salts insoluble. The aqueous add is obtained by decomposing 
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the baryta-saH with sulphuric, or the silver-salt irith hydro- 
chloric acid. It may be kept for some days when dilate, but 
so(Hi decomposes in the concentrated state. It is a powerful 
arid, decomposing not only the carbonates, but even chloride of 
potassium. Fritzsche and Struve,* who discovered this acid, 
assign to it the formula Os^NO^, regarding it as a compound 
of nitride of osmium with osmic acid ; OsN . OSO4. Qerhardt, 
on the contrary,t assigns to it the formula above given, viz., 
Os^jNOg, which is the more probable of the two, inasmuch as, 
if Fritzsche and Struve's were correct, the formation of the 
acid must be attended with the evolution of 1 eq. oxygen; 
but they particularly observe that no escape of gas takes 
plaoe. 

Sulphides of osmium. — Osmium has a great affinity for 
sulphur, and bums in its vapour. Five sulphides of osmium 
are known, corresponding to all the oaddes except the highest, 
viz., OsS, OsjSg, OsS^, OsSg, OsS^. The first four of these 
sulphides are obtained by decomposing the corresponding 
chlorides with hydrosulphuric acid. The tetrasulphide is pre- 
pared by passing hydrosulphuric acid gas into a solution of 
osmic acid : it is a sulphur-add, completely insoluble in water; 
whereas the others are sulphur bases, slightly soluble in water, 
and forming deep yellow solutions. 



ESTIMATION AND SSrABATION OF OSMIUM. 

Osmium is generally estimated in the metallic state. The 
best mode of separating it firom the metals with which it is 
usually accompanied, is to volatilise it in the form of osmic 
acid — by distillation with aqua-regia, if the compound be per- 
fectly soluble therein, or by roasting in a stream of oxygen — 
receiving the vapours of osmic acid in a strong solution of 

• J. pr. Chem. xli. 97. 

t Chnnpt rend, de Trane. en Chimie, IS^AT, 804^ 
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potash ; and to reduce this salt^ by the addition of a few drops 
of alcohol, to osmite of potash, which is insoluble in the 
alcoholic liquor. The osmite of potash is then digested 
in a oold solution of sal-ammoniac, whereby the compound 
NH4CI . OsO^NH^ is produced, and the osmium reduced to 
the metallic state by igniting this last-mentioned compound 
in a current of hydrogen gas (Fremy). 

Another mode of proceeding is to condense the add vapours 
evolved by distilling a compound of osmium with aqua-r^a 
in a wdl-cooled receiver, and precipitate the osmium firom 
the solution by metallic mercury. A precipitate is thereby 
obtained consisting of calomel, a pulverulent amalgam of 
osmium, and metallic mercury containing a very small quan« 
tity of osmium. This mixture is heated in a glass bulb, 
through which a stream of hydrogen is passed, whereupon the 
mercury and its chloride volatilise, and metallic osmium is 
left in the form of a black powder. The liquid, however, 
still retains a small quantity of osmium, which may be iso- 
lated by saturating the liquid with ammonia;^ evaporating to 
dryness, and calcining the residue (Berselius). The osmium 
may also be precipitated from the distilled liquid by hydro- 
sulphuric acid, the solution, after complete saturation, being 
left for several days in a stoppered bottle, till the sulphide of 
osmium is completely deposited. The sulphide is then washed, 
dried, and weighed ; but as it is apt to retain moisture, and, 
moreover, oxidises to a certain extent in the air, the method 
is not very exact. It is recommended, however, for the 
estimation of small quantities of osmium, the method of 
precipitating by mercury being better adapted for larger 
quantities (BerzeUus). 
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SECTION V. 

HHOPIUM. 

Eq. 52 or 651*4; R. 

This metal was discovered^ by WoUaston^ in the ore of 
platiuum. He found the ore from Brazil to contain 0*4 per 
cent j native platinum hom another locality has been fomid 
with as much as 8 per cent, of rhodium. 

After the precipitation of the palladium from the solution 
of native platinum^ by cyanide of mercury^ the solution, in 
order to obtain the rhodium, may be mixed with carbonate of 
soda and excess of hydrochloric acid, and evaporated to dry- 
ness. The cyanide of mercury in excess is decomposed by the 
hydrochloric acid, and converted into chloride of mercury. 
The dried mass is reduced to a very fine powder, and washed 
with alcohol of density 0*887, which takes up the double 
chlorides of sodium with platinum and iridium, the copper and 
the mercury, but leaves the double chloride of rhodium and 
sodium in the form of a fine deep red powder. The rhodium 
is most easily reduced by gently heating the double chloride 
in a stream of hydrogen gas, and afterwards washing out the 
chloride of sodium by water. 

Rhodium, when rendered coherent, is a white metal like 
platinum ; its density is about 10*6. It is brittie and very 
hard, and may be reduced to powder. When pure, it is not 
dissolved by any acid ; but when alloyed with certain metals, 
such as platinum, ^copper, bismuth, or lead, and exposed to 
aqua^regia, it dissolves along with those metals. When fused 
with gold or silver, however, it is not dissolved with the other 
metal. But the most eligible mode of rendering rhodium 
soluble, is to mix it in fine powder with chloride of potassium 
or sodium, and to heat the mixture to low redness in a stream 
of chlorine gas. A double chloride is then formed, as with 
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tlie other platinam metals in similar circumstances^ whick is 
yery soluble in water. The solutions of rhodium have a 
beautiful red colour, the circumstance firom which the metal 
derives its name (from fioSw, a rose). Rhodium may also be 
rendered soluble in tiie dry way, by fiinng it with bisulphate 
of potash, when the metal is oxidated with escape of sol- 
phuroos acid gas. Bhodium is the most oxidaUe of the 
platinum metals, combining with oxygen when heated to 
redness in an open vessel, and very readily when in fine 
powder and heated to a cherry-red heat. It appears to form 
two oxides, the rhodous and the rhodic, of which, however^ 
the last only has been completely isolated. 

Oxides of rhodium. — The protoxide or rkodoua oxide, BO, 
is formed when rhodium is ignited in contact with the air. 
One hundred parts of rhodium thus treated quickly incareaae 
to 115*3 parts, corresponding to the protoxide; then dowly, 
if the ignition be continued, to 118*07 parts; a black powder 
being formed, consisting of 8B0 . B^Oj (Benselius). 

Rhodic oxide, BqO,, is produced when the metal is ignited 
with hydrate of potash and a little nitre, in a silver crucible. 
The metal swells up, assumes a co£fee-brown colour, and is 
converted into a compound of rhodic oxide and potash, which 
must be washed with water, and afterwards digested in hydro- 
chloric acid ; the hydrated oxide remains of a grey cdiour, 
with a shade of green, and insoluUe in adds. The same 
hydrated oxide, as obtained from the double chloride of rho- 
dium and potassium or sodium, by precipitation with an 
alkali and evaporation, dissolves slowly in acids, togetiier with 
a certain quantity of alkali which is attached to it, assuming 
a yellow colour, and producing double salts. The section in 
hydrochloric acid is also pale, although it contains chloride 
of potassium, while a solution of the double chloride, pre- 
pared in the way form^ly mentioned, has a fine red ooioar. 
Hence Bereelius infers that there are two isomeric modifi- 
cations of this oxide, whose compounds, when in solution, ase 
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respectiTdy yellow and roBe-ooloured. Hydrated rhodic oxide 
contaLns one atom of water^ ^^0^ . HO. Two compounds of 
rliodic oxide with the protoxide of the same metal appear 
to exist: B3O3.8BO, and B2O3.2RO. Tlie known com- 
pounds of rhodium are not isomorphous with compounds of 
platinum ; but this may arise £rom these two metals afiecting 
combination in difibrent proportions^ so that their compounds 
are not analogous in composition. Their association and 
resemblance in other respects afford a strong presumption of 
their being isomorphous bodies. 

Solutions of rhodic salts yields with hydromdphuric acidy a 
brown precipitate of protosulphide^ which is slowly deposited ; 
with hydrosulphate of ammonia a brown precipitate^ insoluble 
in excess ; with mlphurous add and sulphites, a pale yellow 
precipitate; with potash, a yellow precipitate of hydrated 
rhodic oxide^ soluble in excess; with ammonia, a yellow pre- 
cipitate of rhodate of ammonia^ which^ however^ does not form 
immediately; with alkaUne carbonates, a yellow precipitate 
after a while. Iodide of potassium produces a slight yellow 
precipitate; protoMoride of tin imparts a dark colour to the 
solutions^ but forms no precipitate. Acetate of leeui, mercu- 
rous nitrate^ and nitrate of silver form precipitates analogous 
in composition to the indium-salts already mentioned (p. 397). 
Zinc precipitates metallic rhodium. In a solution of rhodium 
mixed with excess of potash^ alcohol forms, even at ordinary 
temperatures, a black precipitate, probably consisting of me- 
tallic rhodium ; with the other platiniun-metals, this reaction 
takes place only when the liquid is heated. No precipitate 
is formed by phosphate of soda, sal-ammoniac, chloride of 
potassium, chromate of potash, oxalic acid, cyanide of potas- 
sium, cyanide of mercury, ferrocyanide or ferricyanide of 
potassium, or gallic acid. Hydrogen gas reduces the anhy- 
drous salts at a moderate heat. 

Sulphide of rhodium. — Bhodium may be united with sul- 
phur by either the dry or the humid way. The sulphide of 
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rhodium vas used by Wollaston to obtain the metal in a 
coherent mass. 

Protochloride of rhodium, BCl, is obtained by heating the 
protosulphate (precipitated firom rhodic salts by hydrosnl- 
phuric acid) in a stream of chlorine ; or by digesting one of 
the intermediate oxides with hydrochloric add, whereapon 
the sesqnichloride dissolves, and the protochloride remains in 
the form of a reddish grey powder insoluble in water. 

Sesquichloride of rhodium, ISi^^l^ is obtained firom the 
double chloride of rhodium and potassium, by precipitating 
the latter metal with fluosilidc acid. The diy salt thus 
obtained is brown black, and not crystalline; it requires a 
pretty high temperature to decompose it, and then resolyes 
itself at once into chlorine and rhodium. This salt deliquesces 
in air ; its solution in water is of a beautiful red colour (Ber- 
zelius). Sesquichloride of rhodium is also obtained in the 
form of a rose-red powder by heating the metal to low redness 
in a stream of chlorine (Claus). This red powder, which was 
regarded by Berzelius as R^Clg . 2BC1, is slowly decomposed 
when heated in hydrogen gas, is insoluble in strong hydro- 
chloric and aqua-regia even at the boiling heat, is coloured 
yellow by continued boiling with potash, and if afterwards 
boiled with strong hydrochloric acid, dissolves in small quan- 
tity, forming a rose-coloured solution, the greater part, how- 
ever, remaining unaltered. 

A chloride of rhodium and potassium, containing 2KC1. R2CI3 
+2H0, is obtained by the action of chlorine on a mixture of 
rhodium and chloride of potassium, or by evaporating a solution 
of the sesquichloride of rhodium and sodium with chloride of 
potassium. It forms brown, doubly oblique prisms, which 
dissolve sparingly in water. Another double salt, containing 
3KC1 . Bnfil^ + 6H0, is obtained in dark red, sparingly 
soluble, efSorescent prisms, by spontaneous evaporation of 
a solution of the hydrated sesquioxide in hydrochloric acid 
mixed with chloride of potassium. The sodium double-salt. 
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3NaCl . B3CI3 + 24HOj forms doubly oblique prisms of a 
deep cberry.red colour. WitK ckhride of ammoMum, two 
double salts are obtained, vie., 2NH4CI . B^^CLi + 2HO, and 
8NH4CI . R2GI3 + 3HO, both of which form red prismatic 
crjstalB. B7 preciintating either of the abote double chlorides 
containing 2 or 8 eq. of the basic chloride to 1 eq. B2CI3, 
with acetate of lead, mercur&ui nitrate, or nitrate of Mver, 
rose-coloured precipitates are formed, containing 2 or 3 eq. of 
PbCl, Hg^Cl, or AgCl, to 1 eq. of Rfil^ (Claus). 

A iulphate of rhodium is formed when rhodium is ignited 
with bisulphate of potash ; it gives a yellow solution. Another 
sulphate in combination with sulphate of potash gradually 
falls as a white powder, when sulphuric koid is added to a 
solution of the double chloride of these bases. It is nearly 
insoluble in water; its formula is KO.SO3 + 2^3 '^^^a* 
Nitrate of rhodium is formed by dissolving the oxide in nitric 
acid. It forms a deliquescent salt of a dark red colour, 
B2O3.8NO5; the last salt combines with nitrate of soda, 
forming dark red crystals soluble in water but not in alcohol : 
NaO . NO5 4- RA . 3NO5. 

The salts of rhodium are often mixed with peculiar rose- 
coloured salts, whose nature is not exactly known. These 
new salts are not precipitated, either by iodide of potassium 
in the cold, or by sulphurous acid, or by ammonia ; they form, 
with chloride oi ammonium, double salts, which crystallise, 
not in scales, but in red prisms (Fremy). 



SSTIttATtOl^ AND SETAHATION OF RHODftTM. 

Rhodium is estimated in the metallic state. The solution 
containing it is mixed with excess of carbonate of soda and 
evaporated to dryness, the residue ignited, and the calcined 
mass treated with cold water : oxide of rhodium then remains, 
and may be reduced by hydrogen. 

VOL. II. F F 
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Khoditun ia separated from many metals with which it may- 
be alloyed^ by fusiiig the alloy with bisulphate of potash ; 
the rhodium is thereby converted into sulphate of rhodium 
and potassium^ which may be dissolved out by water. The 
method of separating it firom platinum and the allied metals 
has already been ^ven. 

The separation of rhodium firom other metals in solution is 
somewhat difficulty because it is not completely precipitated 
by hydrosulphuric acid. To separate rhodiimi firom capper, 
the solution is saturated with hydrosulphuric acid and left to 
stand in a stoppered bottle for twelve hours^ then filtered, and 
the filtrate heated to separate an additional portion of sulphide 
of rhodium. The whole of the precipitate is then roasted in 
a platinum crucible till the sulphides are completely oxidised, 
and the product treated with strong hydrochloric add, which 
dissolves the copper and leaves the oxide of rhodium. The 
liquid filtered firom the hydrosulphuric acid precipitate still 
contains a small portion of rhodium, which may be precipi- 
tated by carbonate of soda and converted into oxide as above. 
The whole of the oxide is then reduced by hydrogen* 

To separate rhodiimi firom iron, the rhodium is precipitated 
as completely as possible by hydrosulphuric acid; the liquid 
filtered ; and the iron in the filtrate precipitated by ammonia, 
after having been brought to the state of sesquioxide. The 
iron-precipitate carries down with it a certain portion of rho« 
dium^ which may be separated by igniting the precipitate in 
a current of hydrogen, and treating the reduced metals with 
hydrochloric acid, which dissolves the iron and leaves the 
rhodium : the latter is then converted into oxide by igniticm 
in the air. The precipitated sulphide of rhodium is likewise 
oxidised by roasting. The small quantity of rhodium which 
remains in solution after precipitation by ammonia is preci- 
pitated by carbonate of soda^ and converted into oxide by 
ignition. The whole of the oxide of rhodium is then reduced 
to the metallic state by hydrogen. 
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The separation of rhodium from the alkali-metals is easily 
effected by converting the metals into chlorides, and igniting 
the chlorides in a corrent of hydrogen, which reduces only 
the chloride of rhodium. 



SECTION VI. 

RUTBENIUM. 

Eq, 52- 1 or 651-25 ; Ru. 

This metal was discovered by Clans in 1846. It occurs 
in platinum ores, chiefly in the native osmide of iridium, 
which contains from 3 to 6 per cent, of it. To separate it, 
the osmide of iridium is pulverised, mixed with about half its 
weight of common salt, and heated to low redness in a current 
of moist chlorine gas. The disintegrated mass is then digested 
in cold water, and the concentrated solution, which is brown- 
red and almost opaque, mixed with a few drops of ammonia 
and gently heated, whereupon it deposits a copious black- 
brown precipitate, consisting of sesquioxide of ruthenium 
and bioxide of osmium. This precipitate, after being washed 
with nitric acid, is heated in a retort, till the. osmium is ex- 
pelled in the form of osmic acid. The residue is then ignited 
for an hour in a silver crucible with caustic potash free from 
silica, and the ignited mass softened and dissolved by cold 
distilled water. The solution is left in a corked bottle for two 
hours to clarify ; after which the perfectly transparent orange- 
coloured liquid is separated by a siphon, and neutralised with 
nitric acid. It then deposits velvet-black sesquioxide of 
ruthenium, which, when washed, dried, and ignited in an 
atmosphere of hydrogen, yields the pure metal. 

Ruthenium is a grey metal, very much like iridium. Ita 

VT 2 
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specifio gravity is 8*6. * It is yeiy brittLe, does not fine even 
in the flame of the oxj-hydrogesi blowpipe^ and is Bcaroety 
attacked by aqua-rq^ia. It oombinea with oxygen in four 
proportions^ forming the three oxides, RnOj BxiJO^ IbiO,, 
and ruthenic add, BaO,. Its affinity for oxygen is greater 
than that of any of the other platinnm metals, except osnxram. 
When heated to redness in the air, it oxidises readily, forming 
a bluish black oxide, which does not part -with its oxygen at a 
white heat. When fused with nitre or with caustic potash, it 
is converted into rutheniate of potash. It is not dissolved 
by fused bisulphate of potash. 

Protoxide of ruthenium^ BuO. — Obtained by igniting the 
protochloride with carbonate of soda, in a stream of carbonic 
fkdid gas, and washing the residue with water. It is a blackish 
grey powder> eantaining 13*4 per cent of oxygon. It is in* 
soluble in aods, and consequently its salts have not been 
directly formed. 

The protochloride, BuCl, ia obtsined in the anhydroua 
state, by heating the metal to few redness in a stream of 
chlorine. It is a black crystalline substance, insoluble in 
water and acids^ and imperfectly decomposed by alkaKes. A 
soluble protochloride appears, however^ to be farmed by 
passing hydrosulj^uric acid gas through a sdution of the 
sesquichloride. 

Sesquioxide ofruthefdum, Bu^O,. — Pulvemknt ruthenium^ 
strong^ heated before a powerful blowpipe turns black> and 
rapidly absorbs oxygen, 100 parts of the metal increasing to 
118 parts; afterwards the oxidation slowly proceeds further 
till the oxide acquires a blackish blue colour, and contains 29; 
or 24 parts of oxygen to 100 parts of metal^ which is about 
the proportion required for the sesquicndde. The l^fdrated 

* Tkis u mnch less Uuq the danvitj uaually attributed to icidinm (p. SSS.)* 
It is probable, however, that the two metals do not z«a% dilfer much in 
density ; for a specunen of porous iridium prepared from the blue oxide, b j 
ledvctipn with hydrogen^ exhibited a denaily of oalj 9^ (CLsoiO* 
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se9quioaide is formed by precipitating a solution of the 
sesquicUoride ynth an alkali^ by decomposing a solution of 
rutbeniate of piotash with nitric add, or by heating the 
aqueous solution of the seaquichloride. It is a black-brown 
powder, which becomes suddenly incandescent when heated. 
Hydrogen gas reduces it imperfectly at ordinary temperatures. 
It is insoluble in alkalies, but dissolves in adds, forming 
orange«yellow solutions. The solution in hydrochloric add 
exhibits the following reactions : — Hydrosulphuric acid partly 
predpitates the rutheniimi in the form of a black sulphide, 
but at the same time reduces the sesquichloride to proto- 
chloride, the reduction being attended with a change of colour 
from orange-yellow to a fine azure blue : this reaction is ex* 
tremely delicate, and very characteriatic of ruthenium* Zinc 
effects the same reduction. HydrasuJphate qf ammonia throws 
down the greater part of the ruthenium in the form of a black- 
brown sulphide, not perceptibly soluble in excess. The caustic 
alkalies, alkaline carbonates, a,ud phosphate qf soda precipitate 
the black sesquioxide, insoluble in excess of the reagent. 
Borax fc»rms no predpitate at firsts but, on heating the solu- 
tion, the hydrated sesquioxide is thrown down. Su^kurous 
acid, oxa&e add, and formiaie qf soda do not predpitate the 
metal> but merdy deooloriae the solution. Ferrocyasdde qf 
potassium decolorises the solution at first, but afterwards turns 
it bluish green. Acetate of lead farms a purple-red predpi* 
tate, inclining to blade. Cyamde qf mercury colours the 
solution blue, and throws down a blue predpitate. Nitrate 
of silver forms a black predpitate, which is a mixture of 
ddoride of silver and sesquioxide of ruthenium ; the oxide 
disscdves, after a while, in the nitric add, leaving a white 
reddue of chloride of silver; and, if ammonia be then added 
in excess, the diloride of silver dissolves, and the sesquioxide 
of ruthenium is repredpitated : this is also a very delicate 
reaction. The chlorides of potassium and ammonium throw 
down from concentrated solutions, crystalline predpitates 
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of double dilorides, exhibiting a pli^ of eoloiirs inclining taf 
violet. 

Sesquichloride of ruthenium, "BLa^Cl^ is obtained in the solid 
state by evaporating the solution of the sesqnioxide in hydro- 
chloric acid.- The residue is ddiqnescent, has a very astringent 
but not metallic taste, and dissolves in water and alcohol, 
forming beantifnl orange-ooloored solutions, but leaving a 
yellow basic compound undissolved. When heated, it turns 
green and blue. The dilute solution is resolved by heat into 
hydrochloric acid and the hydrated sesqnioxide (pp. 414, 415). 
The sesquichloride forms double salts with the chlorides of 
potassium and ammonium, and apparently also with those of 
sodium and barium. 

Bicxide ofruiheniumf Ruthenic oxide, ltu02, is formed by 
roasting and igniting the bisulphide, or by strongly igniting 
the sulphate, RuO^ . 2SO3 ; the former method yields a black* 
blue powder, with a tinge of green ; the latter, grey particles 
with metallic lustre and bluish or greenish iridescence. The 
hydrate, RuO, . 2HO, is obtained as a gelatinous precipitate 
by decomposing the bichloride of ruthenium and potassium 
with carbcmate of soda. The precipitate, when dried and 
heated in a platinum spoon, deflagrates with vivid incan- 
descence, and is scattered about. It dissolves in acids, 
forming solutions which are yeUow when dilute and rose- 
coloured when concentrated. 

The bichloride is not known in the separate state, but 
forms with chloride of potassium a double salt, KCl,BuCI^ 
which is obtained by treating the sesquichloride of ruthenium 
and potassium with aqua-regia. This double salt is very 
soluble in water, but insoluble in alcohol ; its colour is brown 
inclining to rose-red. The aqueous solution has a deep rose- 
colour, strongly resembling that of sesquichloride of rhodium. 
Hydrosulphuric acid acts but slowly on this solution, pro- 
ducing first a milky turbidity from precipitated sulphur, and 
afterwards throwing down a yellowish brown sulphide ; the 
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solution, however, still retuns a deep rose-colour and does not 
turn blue. 

Buihenic sulphate, BuO^ . 2SO3. — When the sulphide ob- 
tained by treating the sesquichloride with hydrosulphuric add 
is digested in moderately strong nitric add, an osange-yeUow 
solution is formed, which, on evaporation, yields this salt in 
the form of a yellowish brown amorphous mass. It is deli- 
quescent, and dissolves readily in water. Alkalies added to 
the solution form no predpitate at first; but, on evaporating, 
a yellowish brown gelatinous predpitate is obtained, consist- 
ing of hydrated ruthenic oxide, and strongly resembling 
impure rhodic oxide. The solution of this salt does not turn 
blue when treated with hydrosulphuric acid. 

JRuthenic acid, BuO,, is known only in the form of a potiish- 
salt, which is obtained by igniting ruthenium with a mixture 
of potash and nitrate or chlorate of potash. It dissolves in 
water, forming an orange-yellow solution, which has an astrin- 
gent taste, colours organic substances black by coating them 
with oxide, and is decomposed by acids, yielding a predpitate 
of the sesquioxide. 

Stdpkides of ruthenium, — This metal probably forms with 
sulphur a series of compounds analogous to the oxides; but it 
is difficult to obtain them in a definite state. Sulphur and 
ruthenium do not combine directly, and the predpitates 
thrown down by hydrosulphuric add firom the chlorides 
always contain excess of sulphur. When the sulphide ob- 
tained by predpitation firom the sesquichloride is heated in 
an atmosphere of carbonic acid, incandescence and explosion 
take place, sulphur and water pass o£r, and a blackish grey 
metallic powder is left, whose analysis agrees with the formula 
BujS^. All the sulphides are dissolved by nitric acid of 
ordinary strength (Claus). 
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ESTIMATION AND 8KPA&ATI0N OP RUTHENIUM. 

Thia metal is precipitated from its solutions in tlie fonn of 
oxide^ and generally as sesqnioxide^ yiz. from a solution of 
the sesquichloride^ either by alkalies or by simply heating the 
solution, and from a solution of rutheniate of potash by nitric 
acid. The precipitated oxide is reduced to the metallic state 
by ignition in an atmosphere of hydrogen. As^ however, the 
precipitate generally contains alkali^ which cannot be removed 
by washing, the reduced mass must be treated with water ; 
the liquid filtered fit)m the ruthenium ; and the metal^ be- 
fore weighing, must be again ignited and left to cool in an 
atmosphere of hydrogen, as it oxidises when heated in the 
air. Ruthenium has hitherto been found only associated 
with the metals of the platinum-residues, and from these it is 
separated by the method described at page 413., depending 
on the resolution of the aqueous sesquichloride by heat into 
hydrochloric acid and sesquioxide of ruthenium. 

NEW METHOD OV TEEATINO PLATINUM-RESIDUES.* 

When platinum-ore has been exhausted by aqua-regia, a 
residue is left, commonly known by the name of osmide of 
iridium. This residue is a mixture of two different sub- 
stances, one of which is scaly, and consists of osmium, iridium, 
and ruthenium ; while the other, which is granular, contains 
but mere traces of osmium and ruthenium, but is very rich 
in iridium and rhodium. Now oxide of ruthenium can bear 
a red heat without decomposing, and osmium is actually 
roasted by the action of oxygen, producing a volatile acid, 
just as sulphur and arsenic do; hence the residue of platinum- 
ore may be decomposed by roasting ; and by submitting it to 

* Fremj, Compt. rend, zixriii. 1008 ; also Tnut^ do Chimie Generale, par 
Pelouio et Fremy, iii. 452. 
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this operation, osmic acid is produced in large quantity and 
very pure, and oxide of ruthenium is obtained in well-defined 
crystals. The roasting is performed as follows : — 

About 200 grammes of platinum-residue (the scaly and 
granular alloys together) are heated to bright redness in a 
porcelain tube placed in a long furnace. Air is drawn through 
the tube by means of an aspirator, being first made to pass 
through solution of potash to firee it firom carbonic acid, and 
through strong sulphuric acid to remove organic matter. The 
air thus purified passes over the heated platinum-residue, and 
forms osmic acid and oxide of ruthenium. The latter crystal- 
lises in the colder parts of the roasting tube, while the more 
volatile osmic acid is carried forward, first into a series of 
empty tubes, in which part of it settles in the form of crys- 
tals, and then through two bottles filled with solution of 
potash, which retains the uncondensed vapours: the apparatus 
terminates with an aspirator* The products of the operation 
are : — 1. Oxide of ruthenium, in violet crystals, the form of 
which is similar to that of native oxide of iron ; 2. Osmic 
acid, very pure, and sometimes amounting to 40 per cent, of 
the platinum-residue used ; 3. Osmiate of potash, which, by 
the addition of a few drops of alcohol, may be converted into 
osmite of potash, a salt from which metallic osmium may be 
obtained (p. 403) ; 4. An alloy of iridium and rhodium, which 
remains in the roasting tube. 

This last residue may be used for the preparation of iridium 
and rhodium. For this purpose, it is calcined in an earthen 
crucible with four times its weight of nitre, care being taken 
not to carry the process too far ; and the residue is exhausted 
with boiling water and filtered. A copious precipitate is 
thereby formed, which remains on the filter, and the filtrate 
consists of an alkaline liquid, which, when left to evaporate, 
deposits crystals of osmite of potash, the osmium never being 
completely removed by the previous roasting. 

The precipitate which remains on the filter and retains a» 
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